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PREFACE. 


Thb  design  of  the  present  yolome  is  to  offer  to  the 
student  commencing  the  subject  of  Chemistry,  in  a 
compact  and  inexpensive  form,  an  outline  of  the 
general  principles  of  that  science,  and  a  history  of 
the  more  important  among  the  very  numerous  bodies 
which  Chemical  Investigations  have  made  known  to 
us.  The  work  has  no  pretensions  to  be  considered 
a  complete  treatise  on  the  subject,  but  is  intended  to 
serve  as  an  introduction  to  the  larger  and  more  com- 
prehensive systematic  works  in  our  own  language  and 
in  those  of  the  Continent;  and  especially  to  prepare 
the  student  for  the  perusal  of  original  memoirs,  which, 
in  conjunction  with  practical  instruction  in  the  labora- 
tory, can  alone  afford  a  real  acquaintance  with  the 
spirit  of  research  and   the   resources    of   Chemical 

1^  Science. 

It  has  been  my  aim  thronghout  to  reoder  the  book 

'    as  practical  as  possible,  by  detailing,  at  as  great  length 

as  the  general  plan  permitted,  many  of  the  working 

I  processes  of  the  scientific  laboratory,  and  by'ezhibiting, 

by  the  aid  of  numerous  wood-engravings,  the  most 

useful  forms  of  apparatus,  with  their  adjustments  and 

^  methods  of  use. 
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Vi  PREFACE. 


As  one  principal  object  was  the  production  of  a  con- 
venient and  useful  class-book  for  pupils  attending  my 
own  lectures,  I  bave  been  induced  to  adopt  in  the 
book  the  plan  of  arrangement  followed  in  the  lectures 
themselves,  and  to  describe  the  non-metaUic  elements 
and  some  of  their  most  important  compounds  before 
discussing  the  subject  of  the  general  philosophy  of 
Chemical  Science,  and  even  before  describing  the  prin- 
ciple of  the  equivalent  quantities,  or  explaining  the 
use  of  the  written  symbolical  language  now  universal 
among  Chemists.  For  the  benefit  of  those  to  whom 
these  matters  are  already  familiar,  and  to  render  the 
history  of  the  compound  bodies  described  in  the  earlier 
part  of  the  work  more  complete,  I  have  added  in  foot- 
notes the  view  adopted  of  their  Chemical  constitution, 
expressed  in  symbols. 

I  have  devoted  as  much  space  as  could  be  afforded 
to  the  very  important  subject  of  Organic  Chemistry ; 
and  it  will,  I  believe,  be  found  that  there  are  bnt  few 
substances  of  any  general  interest  which  have  been 
altogether  omitted,  although  the  very  great  number  of 
bodies  to  be  described  in  a  limited  number  of  pages 
rendered  it  necessary  to  use  as  much  brevity  as 
possible. 


GEO.  FOWNES. 


University  College,  London, 
October  5,  1847. 


ADYEBTISEMENT 

TO 

THE  THIRD  EDITION. 
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The  conection  of  this  Edition  for  the  press  was  the 
daily  occupation  of  Professor  Fownes,  until  a  few  hours 
preTions  to  his  death  in  January,  1849. 

His  wish  and  his  endeayonr,  as  seen  in  his  manu- 
script, were  to  render  it  as  perfect  and  as  minutely 
accurate  as  possible. 

When  he  had  finished  the  most  important  part  of 
the  Organic  Chemistry,  where  the  most  additions  were 
lequired,  he  told  me  he  should  '*  do  no  more," — he  had 
"  finished  his  work." 

At  his  request  I  have  corrected  the  press  throughout, 
and  made  a  few  alterations  that  appeared  desirable  in 
the  only  part  which  he  had  left  unaltered,  the  Animal 
Chemistry. 

The  index  and  the  press  have  also  been  corrected 
throughout  by  his  firiend  Mr.  Bobert  Murray. 

H.  Bbnox  Jonbs,  M.D. 

30  Qrotccnor  Street^  J<m,  1850. 


ADVERTISEMENT 

TO 

THE    NINTH    EDITION. 
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Ih  this  edition  many  alteratdons  and  improvements  have 
been  made  in  confieqnence  of  the  progress  of  chemical 
science  during  the  last  two  years. 

Each  part  has  received  important  additions,  and  the 
whole  work  has  throughout  been  carefully  revised. 

In  Inorganic  Chemistry  an  outline  of  spectrum  ana- 
lysiB,  and  of  the  great  discoveries  made  by  it,  and  an 
abstract  of  the  researches  of  Mr.  Graham  on  diffusion 
and  dialysis,  are  inserted. 

In  Organic  Chemistry  an  account  of  the  recent  ex- 
tension of  the  theory  of  acids,  and  polyatomic  alcohols, 
and  a  chapter  on  the  new  colouring  matters  derived 
from  coal  tar,  form  the  chief  additions. 

Throughout  the  whole  of  this  portion  of  the  work 
the  results  of  the  latest  researches  of  importance  are 
zecoided. 

In  Animal  ChemisCiy  a  notice  of  the  remarkable 
experiments  of  Pettenkofer  on  respiration  has  been 
added. 

The  Editors  still  hold  the  opinion  expressed  in  the 
pieface  to  the  last  edition,  that  the  time  has  not  arrived 


Z  ADYBBTISEMENT. 

for  abandoning  the  natural  history  classification  which 
Professor  Fownes  has  taken  as  the  basis  of  his 
Manual. 

It  wonld  haye  been  premature  to  rearrange  this 
work  according  to  the  chemical  notation  proposed  by 
Qerhardt :  his  views,  though  rapidly  gaining  gromid, 
are  not  yet  generally  receiyed.  They  are  themselves 
still  in  a  state  of  transition,  and  will  in  aU  probability 
tdtimately  xmdergo  important  modifications. 

Moreover,  the  rapid  succession  of  editions  of  this 
Manual  in  its  present  form  shows  that  as  an  introduc- 
tion to  chemistry  it  is  well  suited  to  the  student ;  the 
Editors  are  therefore  unwilling  to  make  a  new  work 
until  the  typical  classification  is  fully  elaborated,  and 
the  utmost  simplicity  of  arrangement  can  be  thereby 
attained. 

As  in  the  last  edition,  the  substance  of  Gerhardt's 
views,  in  the  form  they  have  assumed  in  consequence 
of  the  latest  researches,  is  given  in  an  Appendix  which 
contains  also  a  synopsis  of  the  more  important  groups 
of  chemical  substances  classified  according  to  the  new 
system. 

H.  Benob  Jones.    A.  W.  Hofuakk. 

Londmi^  February  1863. 
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MANUAL  OF  CHEMISTRY. 


INTRODUCTION, 

The  Sdenoe  of  Chemistry  has  for  its  object  the  study  of  the  nature 
ud  properties  of  all  ih«  materials  which  enter  into  the  composition  or 
structure  of  the  earth,  the  sea,  and  the  air,  and  of  the  various  or^ 
ganized  or  living  beinffs  which  inhabit  these  latter.  Every  object 
accessible  to  man,  or  which  may  be  handled  and  examined,  is  thus  em- 
braced by  the  wide  circle  of  Chemical  Science. 

The  highest  efforts  of  Chemistry  are  constantly  directed  to  the  dis- 
covery of  the  genenl  laws  or  rules  which  relate  the  formation  of 
chemical  compounds,  and  determine  the  action  of  one  substance  upon 
■Dother.  These  laws  are  deduced  from  careful  observation  and  com- 
ptrisoo  of  the  properties  and  relations  of  vast  numbers  of  individual 
substances ; — and  by  this  method  alone.  The  snence  is  entirely  ex- 
perimental, and  all  its  conclusions  the  results  of  skilful  and  systematic 
experimental  investigation* 

The  applications  of  the  discoveries  of  Chemistry  to  the  arts  of  life, 
and  to  the  relief  of  human  suffering  in  disease,  are,  in  the  present  state 
of  the  adenoe,  botli  very  numerous  and  very  important,  and  encourage 
the  hope  of  still  greater  benefits  from  more  extended  knowledge  than 
that  now  enjoyoL 

Id  ordinary  scientific  speech  the  term  chemical  is  applied  to  changes 
which  permanently  affect  the  properties  or  characters  of  bodies,  in  oppo- 
sition to  effects  termed  physioalf  which  are  not  attended  by  such  con- 
sequences. Changes  of  decomposition  or  combination  are  thus  easily 
distinguished  from  those  temporarily  brought  about  by  heat,  electricity, 
Dagneti^an,  and  the  attractive  forces,  whose  laws  and  effects  lie  within 
the  province  of  Physics  or  Natural  Philosophy. 

Nearly  all  the  objects  presented  by  the  vinible  world  are  of  a  com- 
pound nature,  being  chemical  compounds,  or  variousIy*disposed  mix- 
tures of  chemical  compounds,  capable  of  being  resolved  into  simpler 
fonns  of  matter.    Thus,  A  piece  of  limestone  or  marble  by  tlie  applica- 
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tion  of  a  red-heat  is  decomposed  into  quicklime  and  a  gSKeous  body* 
carbonic  acid.  Botli  lime  uid  carbonic  add  are  in  their  turn  suscep- 
tible of  decomposition,  the  former  into  a  metal,  calcium,  and  oxygen, 
and  the  latter  into  carbon  and  oxygen.  For  this  purpose,  however, 
simple  heat  does  not  suffice,  the  resolution  of  these  substances  into 
their  components  demanding  the  exertion  of  a  high  degree  of  chemical 
energy.  Beyond  this  second  step  of  decomposition  the  efforts  of 
Chemistry  have  hitherto  been  found  to  fiiil;  and  the  three  bodies^ 
calcium,  carbon,  and  oxygen,  having  resisted  aU  attempts  to  reaolve 
them  into  simpler  forms  of  matter,  are  accordingly  admitted  into  tlie 
list  of  elements ; — not  from  any  belief  in  their  r^  oneness  of  nature, 
but  from  the  absence  of  any  evidence  that  they  contain  more  than  one 
description  of  matter. 

The  partial  study  of  certain  branches  of  Physical  Science,  as  the 
physical  constitution  of  gases,  the  chief  phenomena  of  heat  and  elec- 
tricity, and  a  few  other  subjects,  forms  such'  an  indispensable  intro- 
duction to  Chemistry  itself  that  it  is  rarely  omitted  in  the  usual 
.courses  of  oral  instruction*  A  sketch  of  these  subjects  is,  in  accord* 
anoe  with  these  views,  placed  at  the  commencement  of  the  present 
.volume^ 
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PART  L-PHYSICS. 

OF  DENSITr  AND  SPECIFIC  GRAVITY. 

It  Is  of  great  importance  in  the  onset  to  understand  cleai'Iy  what  is 
meant  by  the  teiins  density  and  specific  gravity,.  By  the  density  of 
a  body  is  meant  its  masSf  or  quantity  of  matter,  compared  with  the 
mass  or  quantity  of  matter  of  an  eqiuU  vohtme  of  some  standard  body, 
arbitrarily  chosen.  Specific  gnxcity  denotes  the  weight  of  a  body,  as 
compared  with  the  weight  of  an  «)ual  bulk,  or  volume  of  the  standai*d 
body,  which  is  reckoned  as  unity.*  In  all  cases  of  solids  and  liquids 
this  standard  of  unity  is  pure  water  at  the  temperature  of  60^  Kahr, 
(15^' 50).  Anything  else  might  hare  beendioeen;  there  is  nothing 
in  water  to  render  its  adoption  for  the  purpose  mentioned  indispen- 
sable :  it  is  simply  taken  for  the  sake  of  convenience,  being  always  at 
hand,  and  easily  obtained  in  a  state  of  perfect  purity.  An  ordinary 
expression  of  speciSc  weight,  therefore,  is  a  number  explaining  how 
many  times  the  weight  of  an  equal  bulk  of  water  is  contained  in  the 
weight  of  the  sobstance  spoken  of.  If,  for  example,  we  say,  that  con- 
centrated oil  of  vitriol  has  a  specific  gravity  equal  to  1  *  85,  or  that 
perfectly  pure  alcohol  has  a  density  of  0*  794  at  65^  F.,  we  mean  that 
eqnal  bulks  of  these  two  liquids  and  of  distilled  water  possess  weights 
in  the  proportion  of  the  numbers  1*85,  0*794,  and  1 ;  or  1850,  794, 
and  1000.  It  is  necessary  to  be  particular  about  the  temperature,  for, 
as  will  be  hereafter  shown,  liquids  are  extremely  expansible  by  heat ; 
otherwise  a  constant  balk  of  the  same  liquid  will  not  retain  a  constant 
wdght.  It  will  be  proper  to  b^n  with  the  description  of  the  mode 
in  wiiich  the  specific  gravity  of  liquids  is  determined:  this  is  the 
simplest  case,  and  the  one  which  best  illustrates  the  general  principle. 

In  order  to  obtain  at  pleasure  the  specific  gravity  of  any  particular 
liquid  compared  with  that  of  water,  it  is  only  requisite  to  weigh  equal 
bulks  at  the  standard  temperature,  and  then  divide  the  weight  of  the 
liquid  hj  the  weight  of  the  water ;  the  quotient  will  of  coarse  be 

*  In  other  words,  density  means  comparative  mass,  and  specific  erravity 
Gompantlve  toeiffM.  These  exjiressions,  aUboagh  really  relating  to  distinct 
tfaingB,  are  often  used  quite  indllTerently  In  chemical  writings,  and  without 
practical  inconvenience ,  since  mass  and  weight  are  directly  proportional  u> 
«icb  other. 
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grain  or  Icm  thm  unity,  «  the  liquid  «ipcrlnifnt«<]  on  in  hatitr  or 
lighter  than  mt«r.  Now,  to  w«igh  equal  butla,  of  tvo  fluida,  tbe 
rimplot  >Dd  best  method  ii  dearlj  to  weldi  Ihem  m  nicceuioD  in  the 
HuncTeoel,  taking  otre  Ibat  it  it  equally  nitl  on  both  oceuiooi,  a  coq- 
djtiou  Ttry  tatj  of  falRlineiit. 

A  thin  gluB  bottle,  orfUik,  with  >  niirvw  neck,  is  procored,  of  th* 
form  repiteeoted  below  (fig.  1),  and  of  sach  Qipuit;r  u  to  contaio, 
when  tilled  to  aboat  balf-wif  up  the  neck,  euctlj  1000  grains  of  di»- 
titled  water  at  60°  (IS^'SC).  Soch  a  flask  is  read ilf  procured  from 
any  one  of  tha  Italian  artificera,  to  b«  found  in  t\trj  large  town,  who 
manufacture  cheap  thermometera  for  sale.  A  counterpoiae  of  the  eiact 
weight  of  the  empty  Ixittle  is  mad*  fi™n  a  bit  of  braes,  an  old  weight, 
or  something  of  tbe  kind,  and  oirifullj  acljusted  by  tiling;  an  easy 


task.  The  boUle  is  then  graduated,  by  introducing  water  at  60°,  nntil 
it  eiaclly  bnlaneea  the  lOOO-grain  weight  and  eounterpoiae  in  the  oppo- 
site icale;  tbe  height  at  which  the  water  stands  In  the  neck  is  marked 
by  a  scralcb.  and  the  instrument  is  complete  for  use.  The  liquid  to  be 
eiamined  is  brought  to  the  lemperatuit  of  60°,  and  with  it  the  bottle  ii 
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filled  up  to  the  mark  before  meotioned ;  it  is  then  weighed,  the  counter- 
poise heioj^  Qsed  as  before,  and  the  specific  gravity  dinectly  ascertained. 

A  watery  liquid  in  a  narrow  glass  tube  always  presents  a  curved 
lur&ce,  from  the  molecular  action  of  the  glass,  the  concavity  being 
opvanJs.  Jt  is  better,  on  this  aodonnt,  in  graduating  the  bottle,  to 
inake  two  scratch^!  as  represented  in  the  drawing,  one  at  the  top  and 
the  other  at  the  bottom  of  the  curve :  this  prevents  any  future  mistalce. 
The  marks  are  easily  made  by  a  fine,  shiup,  triangular  file,  the  hard 
point  of  which,  also,  it  may  be  observed,  answers  pei-fectly  well  for 
writing  upon  glass,  in  the  absence  of  a  proper  diamond^pencil. 

It  will  be  quite  obvious  that  the  adoption  of  a  fiask  holding  exactly 
1000  grains  of  wafer  has  no  other  object  than  to  save  the  trouble  of  a 
rerj  trifling  calculation ;  any  other  quantity  would  answer  just  as 
well,  and,  in  fact,  the  experimental  chemist  is  often  compelled  to  use  a 
bottle  of  much  smaller  dimensions,  from  scarcity  of  the  liquid  to  be 
examined. 

When  the  specific  gravity  of  a  liquid  is  to  be  determined-  with  great 
accaracy,  a  case  which  frequently  occurs  in  chemical  inquiries,  a  little 
glass  bottle  is  used,  which  is  illustrated  by  fig.  2.  This  bottle  is  pro- 
vided with  a  perforated  conical  glass  stopper,  most  accurately  fitted  by 
grinding.  By  completely  filling  the  little  bottle  with  liquid,  and  by 
carefully  removing  the  portion  of  liquid  which  is  displaced  when  the 
stopper  is  inserted,  an  unalterable  measure  is  .obtained.  The  least  pos- 
nble  quantity  of  grease  applied  to  the  stopper  greatly  promotes  the 
exact  fitting. 

When  the  chemist  has  only  a  very  small  quantity  of  i^*  3. 
I  fluid  at  his  disposal,  and  wishes  not  to  lose  it,  the 
littk  glass  vessel  (fig.  3^  is  particularly  useful.  It  is 
formed  by  blowing  a  bubble  on  a  glass  tube.  On  that 
portion  of  the  tube  which  is  nan'owed  by  drawing  the 
tube  out  over  a  lamp,  a  fine  scratch  is  made  with  a 
diamond.  The  bubble  is  filled  up  to  this  mark  with 
the  fluid  whilst  it  stands  in  water,  the  temperature  of 
which  is  exactly  known.  A  very  fine  funnel  is  used 
for  filling  the  bubble,  the  stem  of  the  funnel  being 
drawn  out  so  as  to  enter  the  tube,  and  the  upper  open- 
ing of  the  funnel  being  small  enough  to  be  closed  by 
the  finger.  The  glass  stopper  is  only  wanted  as  a 
guard,  and  does  not  require  to  fit  perfectly. 

The  determination  of  the  specific  gravity  of  a  solid 
body  is  made  according  to  the  same  principles,  and  may 
be  performed  with  the  specific-gravity  bottle  (fig.  2). 
The  little  bottle  is  first  weighed  full  of  water,  the 
lolid  b  then  plarad  in  the  same  pan  of  the  balance,  and 
its  weight  determined ;  finally,  the  solid  is  put  into  the  bottle,  dis- 
placing an  equal  bulk  of  water,  the  weight  of  which  is  determined  by 
thekn  on  again  weighing.    Thus  the  weights  of  the  solid  and  that  of 
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«n  eqtwa  bulk  of  water  are  obtained.    The  former  divided  by  the 
latter  gires  the  spedfic  gniTity. 

For  example,  the  weight  of  a  gmall  piece  of 

SiWer  wire  was  fomid  to  be       .        .        .        •      98-18  grams. 

Glass  bottle  fiUed  with  water     .        .        .        .294-69 


After  an  equal  rolume  of  water  was  displaced  by 
the  stlTcr,  the  weight  was     «... 


Hence  the  displaced  water  weighed     . 
From  this,  the  specific  gravity  of  the  ) 


392-87 
883-54 


9-33 


>t 


»» 


»» 


»» 


98-18 


=  10-523 


Fig,  A, 


silver  wire f     9 '  33 

Another  highly  ingenious,  but  less  exact  method  of  determining  the 
specific  gravity  of  solids,  is  based  on  the  well-known  theorem  of 
Archimedes. 

This  theorem  may  be  thus  expressed  : 

When  a  solid  is  immersed  in  a  fluid,  it  loses  a  portion  of  its 
weight ;  and  this  portion  is  equal  to  the  weight  of  the  fluid 
which  it  di^laces ;  that  is,  to  the  weight  of  its  own  bulk  of 
that  fluid. 

It  is  easy  to  give  experimental  proof  of  this 
very  important  proposition,  as  well  as  to  establish 
it  by  reasoning.  The  drawing,  fig.  4,  represents- 
a  little  apparatus  for  the  former  purpose.  This 
consists  of  a  thin  cylindrical  vessel  of  brass,  into 
the  interior  of  which  fits  very  accmntely  a  solid 
cylinder  of  the  same  metal,  thus  exactly  &X\ti% 
it  When  the  cylinder  is  suspended  beneath  the 
bucket,  as  seen  in  the  sketch,  the  whole  hung 
from  the  arm  of  a  balance  sikI  counterpoised, 
and  then  the  cylinder  itself  immersed  in  water, 
it  will  be  found  to  have  lost  a  certain  weight ; 
and  that  this  loss  is  precisely  equal  to  the  weight 
of  an  equal  bulk  of  water,  may  then  be  proved 
by  filling  the  bucket  to  the  brim,  whereupon  the 
equilibrium  will  be  restored. 

The  consideration  of  the  great  hydrostatic  law. 
of  fluid  pressure  easily  proves  the  truth  of  the 
principle  laid  down.  Let  the  reader  figure  to 
himself  a  vessel  of  water,  having  immersed  in  it 
a  solid  cylindriod  or  rectangular  body,  and  so 
adjusted  with  respect  to  density,  that  it  shall 
float  indifferently  in  any  part  beneath  the  surface 

(fig.  5). 
rlow  the  law  of  fluid  pressure  is  to  this  effect :-« 
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Fig.^ 


Hic  praBore  exerted  by  a  fluid  upon  the  containing  vessel,  or  upon  any- 
thing  plunged  heoeath  its  nirfiiice,  depends,  first^  upoD  the  density  of 
thai  fluid,  and,  secondly,  upon  the  perpen- 
dicolar  height  of  the  column.  It  is  inde- 
pendent of  the  form  and  lateral  dimensions 
of  the  vessel  or  immersed  body.  Moreover, 
owing  to  the  peculiar  physical  oonstitutiou 
of  fluids,  this  pressure  is  exerted  equally  in 
erery  direction,  upwards,  downwards,  and 
hierally,  with  equal  force. 

The  floating  body  is  in  a  state  of  equili- 
brium ;  thertfore  the  pressure  downwards 
caused  by  its  gravitation  must  be  exactly 
ootnpensated  by  the  upward  transmitted 
pressure  of  the  column  of  water  a,  6. 

But  this  pressure  downwards  is  obviously  equal  to  the  weight  of  an 
equal  quantity  of  water,  since  the  body  of  necessity  displaces  its  own  bulk. 
Heooe,  the  weight  lost  or  supported  by  the  water,  is  the  weight  of 
a  Toinme  of  water  equal  to  that  of  the  body  immersed. 

WhiAever  be  the  density  of  the  substance,  it  will  be  buoyed  up  to 
this  amonnt :  in  the  case  supposed,  the  buoyancy  is  equal  to  the  whole 
weight  of  the  body,  which  is  thus,  while  in  the  water,  r^uced  to  nothing. 

A  little  refleotion  will  show  that  the  same 
reasooing  may  be  applied  to  a  body  of  irregular 
form;  besides,  a  solid  of  any  figure  may  be 
divided  bj  the  imagination  into  a  multitude  of 
little  perpendicular  prisms  or  cylinders,  to  each 
of  which  the  argument  may  be  applied.  What 
is  true  of  each  individually  must  ueoesearily  be 

true  of  the  whole  together. 

This  is  the  fundaroeutal  principle ;  its  applica- 
tion is  made  in  the  following  manner: — Let  it 

be  required,  for  example,  to  know  the  specific 

gnvity  of  a  body  of  extremely  irregular  form, 

as  a  small  group  of  rock  cr\'sta!s :  the  first  part 

of  the  operation  consists  in  determining  its  abso- 
lute we^ht,  or,  more  correctly  speaking,  its  weight 

in  air ;  it  is  next  suspended  from  the  balauce-pan 

by  a  fine  horsehair,  immersed  completely  in  pure 

water  at  60^  (i5<^*50),  and  again  weighed.    It 

now  weighs  las,  the  difference  being  the  weight 

of  the  water  it  cUsplaces,  that  is,  the  weight  of  an 

equal  bulk.     This  being  known,  nothing  more  is 

nqnJred  than  to  find,  by  division,  how  many 

times  the  latter  numbor  is  contained  in  the  former ;  the  quotient  wiU 

be  the  density,  water  being  taken  =  1.     For  example : — 


Fig.  6. 
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The  qoartz-crjstals  weigh  in  air       .        .        .        .293*7 
Wheu  immersed  in  water,  they  weigh       .        .        .180*1 

Difference,  being  the  weight  of  an  equal  volume  of  water  113  *  6 
293*7 

=  2  •  58,  the  specific  gravity  required. 

113-6 

The  arbitrary  rule  is  generally  thus  written :  **  Divide  the  weight  in 
air  by  the  loss  of  weight  in  water,  and  the  quotient  will  be  the  specific 
gravity."  In  reality  it  is  not  the  weight  in  air  which  is  required,  but 
the  weight  the  body  would  have  in  eropty.j«pace :  the  error  introduced, 
namely,  the  weight  of  an  equal  bulk  of  air,  is  so  trifling,  that  it  u 
usually  neglected. 

Sometimes  the  body  to  be  examined  is  lighter  than  water,  and  floats. 
In  this  case,  it  is  flrst  weighed,  and  afterwards  attached  to  a  piece  of 
metal,  heavy  enough  to  sinlc  it,  and  suspended  from  the  balance.  The 
whole  is  then  exactly  weighed,  immersed  in  water,  and  again  weighed. 
The  difference  between  the  two  weighings  gives  the  weight  of  a  quantity 
of  water  equal  in  bulk  to  both  together.  The  light  substance  is  then 
detached,  and  the  same  operation  of  weighing  in  air,  and  again  in  water, 
t'egeated  on  the  piece  of  metal.  These  data  give  the  means  of  finding 
the  specific  gravity,  as  will  be  at  once  seen  by  the  following  example : — 

Light  substance  (a  piece  of  wax)  weighs  in  air        .     1 33  *  7  grains. 

Attached  tea  piece  of  brass,  the  whule  now  weighs 
Immersed  in  water,  the  system  weighs  • 

Weight  of  water  equal  in  bulk  to  brass  and  wax 

Weight  of  braas  in  air  . 
Weight  of  brass  in  water     .. 

Weight  of  equal  bulk  of  water 

Bulk  of  water  equal  to  wax  and  brass  . 
Bulk  of  water  equal  to  brass  alone 

Bulk  of  water  equal  to  wax  alone .        • 

133-7 

=  0-9598 

139-3 
In  all  such  experiments,  it  is  necessary  to  pay  attention  to  the  tem- 
perature and  purity  of  the  water,  and  to  remove  with  great  care  all 
adhering  air-bubbles  ;*  otherwise  a  false  result  will  be  obtained. 

OUier  cases  require  mention  in  which  these  operations  must  be  modi- 

*  A  simple  plan  of  avoiding  altogether  the  adhesion  of  air-bubbles,  which 
often  are  not  easily  perceived,  conslBts  In  heating  the  water  to  obulUUon,  Intjno- 
dudng  the  body  which  has  been  weighed  in  the  air,  into  the  still  boiling  water, 
which  in  then  allowed  to  cool  to  60^  (lO'^dC),  when  the  second  weighing  is 
performod. 


183-7 
38-8 

144-9 

50-0 
44-4 


5-6 


144-9 
5-6 

139-3 
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led  to  meet  puticular  difficulties.  One  of  these  happens  when  the 
sttbstsuice  is  dissolved  or  acted  upon  hy  water.  The  difficulty  is  easily 
overeome  by  Fubstituting  some  other  liquid  of  known  density  whidi 
experience  shows  is  without  action.  Alcohol  or  oil  of  turpentine  may 
geoerally  be  used  when  water  is  inadmissible.  Suppose,  for  instance, 
the  specific  gravity  of  crystallized  sugar  is  lequired,  we -proceed  in  the 
ftliowing  way ; — ^The  specific  gravity  of  the  oil  of  turpentine  is  first 
carefully  determined ;  let  it  be  0  *  67  ;  the  sugar  is  next  weighed  in  the 
air,  then  suspended  by  a  horsehair,  and  weighed  in  the  oil ;  the  difier- 
CDce  is  the  w^eigbt  of  an  equal  bulk  of  the  latter ;  a  simple  calculation 
gives  the  weight  of  a  corresponding  volume  of  water : — 

Weight  of  sugar  in  air 400       grains. 

Weight  of  sugar  in  oil  of  turpentine        .        .     1 82  *  5      „ 

Weight  of  equal  bulk  of  oil  of  turpentine         217*5       „ 
87  :  100  =  217-5  :  250, 
the  weight  of  an  equal  bulk  of  water ;  hence  the  specific  gravity  of  the 

««ar»-  400 

=  1-6. 

250 

If  the  substance  to  be  examined  consists  of  small  pieces,  or  of  powder, 
then  the  method  first  described,  namely,  that  of  the  specific-gravity 
bottle,  can  alone  be  used. 

By  this  method  the  specific  gravities  of  metals  in  powder,  metallic 
oxides,  and  other  compounds,  and  salts  of  all  descriptions,  may  be 
determined  with  great  ease.  Oil  of  turpentine  may  be  used  with  most 
soluble  salts.  The  crystals  should  be  crushed  or  roughly  powdered  to 
avoid  errors  arising  from  cavities  in  their  substance. 

The  theorem  of  Archimedes  affords  the  key  to  the  general  doctrine  of 
the  equilibrium  of  floating  bodies,  of  which  an  application  is  made  in 
the  common  hydrometer, — an  instrument  for  finding  the  specific  gi:avi- 
ties  of  liquids  in  a  very  easy  and  expeditious  manner. 

When  a  solid  body  is  placed  upon  the  surface  of  a  fluid  specifically 

heavier  than  itself,  it  sinlcs  down  until  it  displaces  a  quantity  of  fluid 

equal  to  its  own  weight,  at  which  point  it  floats.    Thus,  in  the  case  oi 

asuhstaDce  floating  in  water,  whose  specific  weight  is  oue- 

haif  that  of  the  fluid,  the  position  of  equilibrium  will  in-      f^-  7. 

volve  the  immersion  of  exactly  one-half  of  the  body,  inas- 

noch  as  its  whole  weight  is  counterpoised  by  a  quantity 

of  water  equal  to  half  its  volume.     If  the  same  body  were 

pat  into  a  fluid  of  one-half  the  specific  gravity  of  water, 

if  such  could  be  found,  then  it  would  sink  beneath  thesur- 

fiice,  and  remain  indiflerently  in  any  part.   A  floating  body 

of  known  specific  gravity  may  thus  be  used  as  an  indicator 

of  the  specific  gravity  of  a  fluid.   In  this  manner  little  glass 

heads  (fig.  7)  of  known  specific  gravities  are  sometimes  employed  in 
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the  arts  to  ascertain  in  a  rode  manner  the  specific  grsTity  of  liquid ; 
the  one  that  floats  indifferently  beneath  the  surface,  witbont  either 
sinlcing  or  rising,  has  of  coarse  the  same  specific  gravity  as  the  liquid 
itself;  this  Is  pointed  oat  by  the  number  noarked  upon  the  bead. 

The  hydrometer  (fig.  8)  in  general  nse 
consists  of  a  floating  Tessel  of  thin  metal  or 
glass,  baring  a  weight  beneath  to  maintain 
it  in  an  upright  position,  and  a  stem  above 
bearing  a  divided  scale.  The  use  of  the  in- 
strument is  very  simple.  The  liquid  to  be 
tried  is  put  into  a  small  narrow  jar,  and  the 
instrument  floated  in  it.  It  is  obvious  that 
the  denser  tlie  liquid,  the  higher  will  the 
hydrometer  float,  because  a  smaller  displace- 
ment of  fluid  will  counterbalance  its  weight. 
For  the  same  reason,  in  a  liquid  of  less 
density,  it  sinks  deeper.  The  hydrometer 
comes  to  rest  almost  immediately,  and  then 
/-%  1 1'  .  ^^  mark  on  the  stem  at  the  fluid-level  may 

^1  \  ,1  he  read  off. 

V^  Very  extensive  use  is  made  of  instruments 

7^  '  of  this  kind  in  the  arts:  they  sometimes 

bear  different  names,  according  to  the  kind 
of  liquid  for  which  they  are  intended ;  but 
the  principle  is  the  same  in  all.  The  gra- 
duation is  very  commonly  arbitrary,  two  or  three  different  scales  being 
unfortunately  used.  These  may  be  sometimes  reduced,  however,  to 
the  true  numbers  expressing  the  specific  gravity  by  the  aid  of  tables 
of  comparison  drawn  up  for  the  purpose. 

The  division  of  the  instrument  from  below,  upwards,  into  100  parts 
is  much  to  be  preferred  to  these  arbitrary  scales.  Half  of  these  divi- 
sions must  be  made  upon  the  stem.  The  100th  division  indicates  the 
point  of  immersion  in  distilled  water  at  6(P  Fahr.  (150-5C.)  If  in 
another  fluid  the  instrument  sinks  less  deeply,  for  example  to  60,  then 
60  volumes  of  this  fluid  weigh  as  much  as  100  volumes  of  water. 
Hence  the  weight  of  100  volumes,  that  is,  the  specific  gravity,  is 
<^=1*67.  By  this  arrangement  of  the  scale  it  is  evident  that  the 
redaction  of  the  specific  gravity  is  so  simple  that  notables  are  required. 
A  very  convenient  and  useful  instrument  in  the  shape  of  a  small 
hydrometer,  for  taking  the  specific  gravity  of  urine,  has  been  put  into 
the  hands  of  the  physician  ;*  it  may  be  packed  into  a  pocketrcase,  with 
a  little  jar  and  a  thermometer,  and  is  always  ready  for  use. 

The  determination  of  the  specific  gravity  of  gases  and  vapours  of 
volatile  liquids  is  a  problem  of  very  great  practical  importance  to  the 

*  This  and  other  instniments  described  or  figured  in  the  course  of  the  work* 
may  be  had  of  Messrs.  Murray  and  ileath,  43  Piccadilly,  upon  the  exoelluice 
of  whose  workmanship  reliance  may  be  placed.    ■ 
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ckenut :  the  theory  of  the  operation  is  as  simple  as  when  liqaids  them- 
adrts  are  oonoeraed,  but  the  piocesses  are  much  more  delicate,  and 
iDTolye  besides  certain  correctioDB  for  differences  of  temperature  and 
presazre,  finmded  on  prindples  yet  to  be  discussed.  It  will  be  proper 
to  de^  the  consideration  of  these  matters  for  the  present.  The  method 
of  determining  the  specific  gravity  of  a  gas  will  be  found  described 
uder  the  hcmd  of  **  Oxygen,"  and  tliat  of  the  vapour  of  a  volatile 
liquid  in  the  Introdoction  to  Organic  Chemistry. 


It  rtquireg  lome  little  Bbatmetiini  of  mind  to  roluse  completely  th« 
Bingular  ooadiliou  in  which  all  things  tit  the  BurTBce  of  th«  earth  exiat. 
We  live  nt  the  bottom  of  sn  ininiease  oceao  of  gaseoun  miitter,  whidi 
enTelopa  eveiything,  aod  preues  upon  ererftbiug  with  a  force  which 
■ppevi,  at  first  sight,  perfectl;  iniredible,  but  wh»e  actual  amaunt 
admits  of  nij  proof. 

Grarity  being,  M  far  as  is  knows,  commOD  lo  all  matler,  it  U 
natural  to  expect  that  gnsef,  being  material  >uUlancea,  ibould  bs 
acted  upon  by  the  eaitb'ii  attiactioo,  aa  well  aa  lolids  and  Ijquiils. 
Thii  ii  re«llj  the  ate,  and  tbt  re«uU  ia  the  weight  or  praaure  ol"  the 
almotphere,  which  ii  nothing  more  (haa  the  eflect  of  the  sttractioD  of 
the  earth  aa  the  putidea  of  ait. 

Before  describing  the  leading;  phenomcDa  of  the  atmoepheric  pressure, 
it  it  necenuy  ta  notjea  ooe  very  remartable  feature  In  the  phystcnl 
coDitltution  ofgaiei,  upon  which  depndi  the  principle  of  aa  extremelj- 
vbI  liable  instrument,  the  aii^pump. 

Oateg  are  in  the  highest  degree  elastic ;  the  Tolume  or  Bpacs  which 
a  gu  occupies  depemU  upon  the  pressure  eiei-ted  upon  it.     Let  the 
reader  imagine  a  cylinder,  a,  closed 
'V'  »■  at   the    bottom,  in    tthich   moves   a 

pbtDQ,  aii^tight,  to  that  no  air  cnn 
escape  between  the  piston  and  the 
cylinder.  Suppose  now  the  piitoo 
be  pressA  downwards  with  a  cer- 
Uia  fone;  the  air  beneath  it  will 
be  Dompresaed  into  &  smaller  bulk, 
the  amount  of  this  compresiion  de- 
pending on  the  Ibrce  nppll«l;  if  the 
power  be  luflicienl,  the  bulk  of  the 
gas  may  be  thus  diminiahed  to  one 
huDdredth  part  or  less.  When  the 
pressure  Is  removed,  the  els^tidty 
or  tensiony  as  it  is  called,  of  the 
included  air  or  gas,  will  immedialelj 
force  up  the  (ustou  until  it  arriTGa  at 
its  tint  position. 

Again,  tske  fig.  b,  and  suppose  the 

piston  to  Etaud  about  the  middle  of 

cylinder,  baTJng  air  beneath  in  its  usual  slate.     If  the  ^ston  ha 


Dov  drawi 


,  baTingal 
upwarda. 


the  a 


below  will  expand,  so  as  li 
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plttelj  tJw.mcms^d  ipoce,  and  tfaii  to  an  ippanotlj  unlimiUd  eitfDl. 
A  ToJunw  of  sir,  which,  under  ordinar}'  circuiBBtwien,  occupies  the 
bnlli  of  ■  cubic  incb,  might,  by  the  remoral  of  the  pieuure  upon  it, 
be  nude  to  eipaml  U  the  npacitj  of  ■  whole  room,  nbila  >  renewal  of 
tiefbnner  presjure  would  be  itliiided  by  ■  ihrinking  down  of  the  air 
la  iUfarmCT  balk.  TbcHnallut  portion  of  gaa  mtrodand  mtoi  Ivge 
ohusted  *Bi9el  beCDom  al  once  dtCuwd  through  the  whole  apace,  an 
af»i  quaatttj  being  pitaent  in  eveiy  part ;  the  voael  iifoB  although 
tM  na  is  in  m  atate  of  «iti«me  tenuitj.  Thia  power  of  eipenaion 
*hic£  air  posseaaea  may  have,  and  protsbly  hai,  is  reality,  a  limit; 
but  the  limit  la  nerer  reached  in  piactiee.  We  are  quite  safe  in  liie 
■somptiDO,  that  Ait  all  purposfa  of  eiperiment,  however  retiDed,  air  ia 
perlfctly  daatic. 

It  B  nanal  to  asaiga  a  reason  for  this  indeSnita  eipaDiibillly  by 
ucribing  to  the  particle*  of  material  bodica,  when  in  a  gaaeoua  stale 


arir-repalsirs  agency.    This  statenient  ia  commonly  made  somewhat 
-  ■*'    -  matter  ia  under  the  iuflnence  of  two  oppoiite  foi-cea. 


ich  tends  to  draw  the  particles  toother,  the  other  to  separate 

''      prmondeiBuce  of  one  or  other  of  these  forces,  we  have 

called  solid,  h'quid,  and  gaseoui.     When  the  particleii 


By  the 


•T matter,  in  consequence  of  tlie  direction  and  strength  of  their  mulunl 
attnctions,  possess  only  a  very  slight  power  of  motion,  a  solid  sub- 
staoc*  reaalte  ;  when  the  forces  are  nearly  balanced,  we  hare  a  liquid, 
the  particles  of  which  in  the  interior  of  the  mast  are  i^ee  to  move, 
but  yet  to  a  certain  eitent  are  held  together ;  and,  lastly,  when  the 
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AttractiTe  power  seeme  to  be  completely  overcome  by  its  antagonirt^  W€ 
bare  a  gas  or  va^ur, 

Varioiu  names  are  applied  to  these  forces,  and  ▼ariotis  ideas  enter- 
tained conoeming  them :  the  attractiTe  forces  bear  the  name  of  cohedoa 
when  they  are  exerted  between  particles  of  matter  separated  by  an  ini« 
measurably  small  interval,  and  gravitation  when  the  distance  is  great. 
The  repnlsive  principle  is  often  thought  to  be  identical  with  the  prin- 
ciple of  heat. 

The  ordinary  air-pump,  shown  in  section  in  fig.  10,  consists  essen- 
tially of  a  metallic  cylinder,  in  which  moves  a  tightly-fitUng  piston,  by 
the  aid  of  its  rod.  The  bottom  of  the  cylinder  oommunieates  with  the 
vessel  to  be  exhausted,  and  is  furnished  with  a  valve  opening  upwards. 
A  similar  valve,  also  opening  upwards,  is  fitted  to  the  piston:  these 
valves  are  made  with  slips  of  oiled  silk.  When  the  piston  is  raised 
from  the  bottom  of  the  cylinder,  the  space  left  beneath  it  must  be  void 
of  air;  since  the  piston-valve  opens  only  in  one  direction;    the  air 


Fig,  11. 


within  the  receiveri  having  on  that  side  nothing  to  oppose  its  elastic 
power  but  the  weight  of  Uie  little  valve,  lifts  tiie  latter,  and  escapes 
into  the  cylinder.  So  soon  as  the  piston  begins  to. descend,  the  lower 
valve  closes,  by  its  own  weight,  or  by  the  transmitted  piessure  from 
above,  and  communication  with  the  receiver  is  cut  off.  As  the  descent 
of  the  piston  continues,  the  air  included  with  the  cylinder  becomes 
compressed,  its  elasticity  is  increased,  and  at  length  it  forces  open  the 
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tpfm  tmItk,  and  ncapc*  into  tbc  BtmoiplHre,  Id  thia  nuancr,  a 
erUnd^  fiiU  of  air  is  at  every  vtroke  of  the  pump  remoTvd  from  the  n- 
atrti.  During  tbc  doctnt  of  the  putvu,  the  npper  tiItc  nmiuDg  opea, 
nd  the  kver  clntd,  aod  the  rererK  duriog  the  oppoaile  mstcniait. 

lapisctice,  it  is  verj  coaTnuest  to  huxtwoiueh  bamlaart^lioden, 
«TaDgtJ  tide  by  aide,  the  [nstoD-nids  of  which  are  formed  into  ncln, 
luring  a  pinion,  or  mull-toaUied  wheel,  between  them,  moied  by  a 
oiBcfa.  Bf  tlu>  coDtriiance  the  o|>eratioD  of  eihaintioD  ii  much  Gici- 
lilated  and  the  labour  leneoed.  The  arrangemeDl  ii  shawn  in  lig.  11, 
(n  the  pnodiog  page. 

A  limpler  foim  of  »ir-pnmp  ii  thua  constracted  :  the  cylinder,  which 
maj-  be  of  large  dimtnsiDni,  ii  furniihed  with  so  acimnlflj-filted  aolid 
patOD,  the  tod  of  which  morea,  lit-tight,  through  a  contriTaace  called 
a  tta<Giig-boi,  at  the  top  of  the  cjlioder,  where  alio  the  only  ralTe 
attntial  to  the  appaiattu  ii  to  be  found  :  the  latter  ia  a  wliil  conical 
ptng  of  metal,  atiown  at  a  in  the  figure,  kept  tight  bj  the  oil  contained 
pi  the  chamber  into  which  it  opeoa.      The  com- 

■mmicBtion  with  the  vokI   to  be  eihauated,   is  ^- "' 

DtHie  bf  a  tube  which  enten  the  cyliuder  a  little 

aboTe  the  bottom.     The  action   i>  the  followine  : 

let  the  piiton  be  lupposed  in  the  act  of  rising  from 

tbe    bottom   of  the  cylinder;   u  aooa  u  It  pasKB 

the    month    of  the    tube   t,  all   communiistioo  ii 

itap])«d  between  the  air  chore  the  piston  and  the 

Tcorl   to   br  eihanstad ;   the  inclosed  air  rafleii 

eunpnasion    udIjI    it  acquiiei  aufficient  elastieitj 

to  lift   the    metal  Talve  and  escnpe   hy  bubbling 

through  tbe  oil.     When  the  piaton  makes  iti  de- 

accnt.  and  Ihta  ralie  closei,  a  racuum  is  left  in 

the  upper  part  of  the  cylinder,  imo  which  the  air 

of  tbe  receiTer  mshn  »  hod  as  the  pbton  hai 

pasted  below  the  orifice  of  the  coDoecting  tube. 

In  the  silk-ralred  air-pump,  exhaustion  ceases 
*hai  the  eluticitj  of  the  air  in  the  recdTer  be- 
comes too  feeble  to  raise  the  Y»l»ef  in  that  last 
described,  the  eihauiition  msy,  on  the  contrary,  be 
tarried  to  an  indefinite  eilent,  without,  howerer, 
uder  the  most  favourable  circumstances,  becoming 
complete.  The  conical  ralve  ii  made  to  project  a 
little  below  the  cover  of  the  cylinder,  so  aa  to  b« 
breed  up  by  the  pi&toD  when  the  Utter  reaches  the 
top  of  the  Gjlinder ;  the  oil  then  enters  and  displaces  any  air  that  may 
be  luifciDg  in  the  (svlty. 
It  B  a  great  improvement  to  the  machine  to  supply  the  piEton  with 

a  rtli^-BolM  opeoii^  upwards ;  this  may  also  be  of  metal,  ond  oon- 

taiud  within  the  body  of  the  piston.  Its  nee  is  to  aroid  the  momen- 
tary coodensatioD  of  the  air  in  tbe  leceirer  when  tbe  piston  descends. 
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The  pump  is  worked  by  a  lerer  ia  the  manner  represented  in  the 
drawing  below. 

Fig,  13,  The  air-pamp  may  be  used 

for  condensing  instead  of  for 
rarefying  the  air.  If  the  cylin* 
der  (fig.  12)  is  filled  with  air 
from  the  opening  {t\  by  the  rise 
of  the  piston  it  may  be-  ccm^ 
pressed  as  it  passes  through  the 
Talve  (a),'into  a  communicating 
chamber,  and  this  operation  may 
be  frequently  repeated. 

To  return  to  the  atmosphere. 
Air  possesses  weight:  a  light 
flask  or  globe  of  glass,  fumidbed 
with  a  stopHMKk  and  exhausted 
by  the  air-pump,  weighs  con- 
siderably less  than  when  full  of 
air.  If  the  capacity  of  the  Te«- 
sel  be  equal  to  100  cubic  incfaea, 
this  difference  may  amount  to 
nearly  30  grains. 

The  mere  fact  of  the  pressnre 
of  the  atmosphere  may  be  de- 
monstrated by  securely  tying  a 
piece  of  bladder  over  the  mouth 
of  an  open  glass  receiver,  and 
then  exhausting  the  air  from 
beneath  it;  Uie  bladder  will 
become  more  and  more  concay^ 
until  it  suddenly  breaks.  A 
thin  square  glass  bottle,  or  a 
lai^  air*  tight  tin  box,  may  be 
crushed  by  withdrawing  th6 
support  of  the  air  in  the  inride. 
Steam-boilers  have  been  often 
destroyed  in  this  manner  by 
collapse,  in  consequence  of  the 
accidental  formation  of  a  partial 
vacuum  within. 

After  what  has  been  said  on 
the  subject  of  fluid  pressure, 
it  will  scarcely  be  necessary  to 
observe  that  the  law  of  equality 
of  pi'essure  in  all  directions  alsio 
holds  good  in  the  case  of  the  at- 
mosphere. Theperfect  mobility  of  the  particles  of  air  penults  the  trans^ 
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masion  of  the  force  generated  by  their  gravity.    The  sides  and  bottom 
of  an  exhausted  ressel  are  pressed  upon  with  as  much  force  as  the  top. 

If  a  ghus  tube  of  considerable  length  could  be  perfectly 
pxbattsted  of  air,  and  then  held  in  an  upright  position, 
with  one  of  its  ends  dipping  into  a  vessel  of  liquid,  the 
Istter,  on  beii^  allowed  access  to  the  tube,  would  rise  in 
its  interior  until  the  weight  of  the  column  balanced  the 
pwsnre  of  the  air  upon  the  surface  of  the  liquid.  Now, 
it'  the  density  of  this  liquid  were  known,  and  the  height 
lod  area  of  the  column  measured,  means  would  be  fur- 
ttished  for  exactly  estimating  the  amount  of  pressure  ex- 
erted by  the  atmosphere.  Such  an  instrument  is  the 
barometer:  a  straight  glass  tube  is  taken,  about  36 
inches  in  length,  and  sealed  by  the  blowpipe  flame  at  one 
extremity ;  it  is  then  filled  with  clean,  dry  mercury,  care 
being  taken  to  displace  all  air-bubbles,  the  open  end 
stopped  with  a  finger,  and  the  tube  inverted  in  a  basin  of 
mercury.  On  removing  the  finger,  the  fluid  sinks  away 
from  the  top  of  the  tulK,  until  it  stands  at  the  height  of 
about  30  inches  above  the  level  of  that  in  the  basin.  Here 
it  remains  supported  by,  and  balancing  the  atmospheric 
pnssure,  the  space  above  the  mercury  in  the  tube  being  of 
n«M6ity  empty. 

The  pressure  of  the  atmosphere  is  thus  seen  to  be 
capable  of  sustaining  a  column  of  mercury  30  inches  in 
height,  or  thereabouts:  now  such  a  column,  having  an 
»»  of  one  inch,  weighs  between  14  and  15  pounds, 
consequently  snch  must  be  the  amount  of  the  pressure 
exerted  upon  every  square  ind>  of  the  surface  of  the 
firth,  and  of  the  objects  situated  thereon,  at  least  near 
the  level  of  the  sea.  This  enormous  force  is  borne  without 
^Qoonvenienoe  by  the  animal  frame,  by  reason  of  its  perfect 
uniformity  in  every  direction,  and  it  may  be  doubled,  or 
even  tripled  without  injury. 

A  barometer  may  be  constructed  with  other  liquids 
I'etides  mercury ;  but,  as  the  height  of  the  column  must 
always  bear  an  inverse  proportiou  to  the  density  of  the 
liquid,  the  length  of  tube  required  will  be  often  consider- 
able; in  the  case  of  water  it  will  exceed  33  feet.  It  is 
seldom  that  any  other  liquid  than  morcury  is  employed  in  the  con- 
struction of  this  instrument.  The  Royal  Society  of  London  possessed  a 
'"iter  barometer  at  their  apartments  at  Somerset  House.  Its  construc- 
tion was  attended  with  great  difficulties,  and  it  was  found  impossible 
to  keep  it  in  repair. 

It  will  now.be  necessary  to  consider  a  most  important  law  which 
connects  the  volume  occupied  by  a  gas  with  the  pressure  made  upon  it, 
*od  which  is  thus  expressed  :^ 

0 


OONSnTUTIOS 

Tha  Tdnnw  <^  k  gns  ii  inMrisfy  u  the  praoun  ;  tha  dciuitjr  and 
elutio  force  an  direellg  ai  thf  pmiore,  uid  inntraeiy  aa  the 

For  iaataoca,  100  anbtc  incha  of  gia  under 
■  prcHure  of  30  ioohu  of  mercury  <roald  u- 
pud  to  200  oubie  iodMi  were  the  preaaure 
reduced  to  ooe  half,  and  ihiink,  on  the  caDtrary, 
to  50  cubic  ioobe*  if  the  original  prenure  W(a« 
doubled.     The   change  of  deoaitj  muM   Deoea- 


Thia,  which  ia  uioallf  calJed  tha  Uw  of  Mat- 
riette,  thoDgh  naliy  dlaconred  by  Bojie  (1661), 
ia  eaaily  demonatnUe  by  direct  aipericniuit.  A 
glaia  tube,  about  7  feet  in  length,  ia  doatd  at  one 
end,  aod  bent  into  thefonu  repneented  in  6g.  15, 
the  open  limb  of  the  ayphoa  being  the  longer.  It 
ia  ueit  attached  to  a  board  fumiahed  with  a 
moieable  acala  of  inches,  and  enough  mercury  ia 
iutroduced  to  Sll  the  bend,  the  leTel  being  erenly 
.  adjuated,  and  marlied  upon  the  tioard.  Ucrcury 
i>  now  poured  into  the  tube  until  it  ie  fbnnd  tliat 
the  cncioaed  air  haa  been  reduced  to  one-half  of 
ita  farmer  Tolume ;  and  on  applj^ing  the  Bole,  it 
will  be  found  that  the  lerel  of  the  mereurj  in  the 
opm  part  of  the  tube  atauda  very  nearly  30  inchea 
above  that  in  the  cloaed  portion.  Tbe  pruaure 
of  an  additional  "  atmoaphere  "  hai  oonieqnentJy 
reduced  the  butt  of  the  oontained  air  to  one-halt!. 
If  the  eiperiment  be  eljll  continued  until  the 
voloDW  of  air  ia  reduced  to  a  third,  it  will  be 
found  that  the  column  meaaarea  60  iucbei,  and 
•0  in  like  proportion  aa  lar  ai  the  eiperiDWDt  ia 

The  abore  iDBlrument  i>  better  adapted  for 
illuatration  of  the  principle  tJian  for  fumiahlng 
ligoroua  proof  of  the  law;  this  baa,  howeTer, 
been  done.  MH.  Arago  and  Dutong  publiahed, 
iu  tlic  year  1830,  an  account  oF  certain  expaii- 
menti  mode  by  Ihem  in  Paria,  in  which  the  law 
in  question  had  been  verified  to  tbe  extent  of  27 
atmoapherea.  Aod  with  rarefied  air,  of  whatoTer 
degree  of  rareiactiou,  the  law  haa  been   found 

I    tnie, 

'  All  gaaea  are  alike  subject  to  this  law,  and  all 
//      Tapours  of  voLitile  Uquida,   when  remote  iiom, 
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tboT  pcnate  offiquefiwiioQ.*  It  is  a  matter  of  th6  greatest  importance 
IB  practieal  chemistry,  siDce  it  gives  the  means  of  making  corrections 
for  praBore,  or  d^erminiog  hj  odcuktion  the  change  of  volume  which 
t  gas  would  soflfer  by  any  given  change  of  external  pressure. 

Let  it  be  leqaired,  for  eiarople,  to  solve  the  following  problem : — 
We  have  100  culnc  inches  of  gas  in  a  graduated  jar,  the  barometer 
ateading  at  29  imdies ;  how  many  cnbic  inches  wiU  it  occupy  when 
the  edomn  rises'^  to  30  inches  ? — Now  the  volume  must  be  inversely  as 
the  preasare ;  coosequenily  a  change  of  pressure  in  the  proportion  of 
29  to  30  mitet  be  accompanied  by  a  change  of  volume  in  the  proportion 
<^  30  to  29 ;  30  cubic  inches  of  gas  contracting  to  29  cubic  inches 
onder  the  ooDditions  imagined.    Hence  the  answer  i^- 

30  :  29  =  100  :  96-67  cubic  inches. 

The  reverse  of  the  operation  will  be  obvious.  The  practical  pnpil  will 
do  well  to  familiarize  himself  with  the  simple  calculations  of  correc* 
tioQ  for  pressure. 

From  what  has  been  said  respecting  the  easy  compressibility  of 
gsses,  it  will  be  at  once  seen  that  the  atmosphere  cannot  nave  the  same 
density,  and  camiot  exert  equal  pressures  at  different  elevations  above 
the  sea>level,  but  that,  on  the  contrary,  these  must  diminish  with  the 
aititodey  and  very  rapidly.  The  lower  strata  of  air  have  to  bear  the 
wei^t  o£  those  abnve  them ;  they  become  in,  consequence,  denser  and 
more  compressed  than  the  upper  portions.  The  following  table,  which 
is  taken  from  Prof.  Graham's  work,  shows  in  a  very  simple  manner 
Ihe  rule  followed  in  this  respect : 

Be%ht  above  the  Height  of  barometer, 

sea,  in  miles.  Volame  of  sir.                         in  Inches. 

0           .  .             .       1  .             .             .30. 

2-705  •             .             2              .             .           15 

5-41     .  .            .      4  .             .             .7-5 

8-115  .             .             8             .            .          3-75 

10-82     .  .            .    16  .             .            .1-875 

13-525  .             .           32              .             .           0-9375 

16-23    .  .            .     64  .            .            .     0-46875 

1^  numbers  in  tiie  first  column  form  an  arithmetical  series,  by  the 
constant  addition  of  2*705 ;  those  in  the  second  column  an  increasing 
9^^*ngtrical  series,  each  being  double  its  predecessor  ;  and  those  in  the 
^^^1  a  decreasing  geometrical  series,  in  which  each  number  is  the  half 
of  that  standing  above  it. 

In  ascending  into  the  air  in  a  balloon,  these  effects  are  well  ob- 
'^'^ed ;  the  expansion  of  the  gas  within  the  machine,  and  the  fall  of 
the  mercury  in  the  barometer,  soon  indicate  to  the  voyager  the  fact  of 
^  having  left  below  him  a  considerable  part  of  the  whole  atmosphere. 

*  When  near  the  llqaerying  point  the  law  no  I<mger  holds ;  the  volume 
dtaiinishcB  more  rapidly  than  the  theory  indlcates»  a  smaller  amount  of  pressure 
wlDg  tben  sufflcteuk 
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The  inTfDUoii  of  tli*  bunmetcr,  which  took  plMC  in  the  <rcar  IMS. 
by  ToTTictlli,  ■  pupil  of  the  celebrated  Galileo,  ipeedilf  led  to  the 
ohaerrkljoa  that  the  Mmospheric  pnaaure  at  the  luns 
"^"  '*•  lerel  ii  not  comtint,  but  poneiKs,  on  the  contr«rj,  > 
•Tnell  range  of  TiriBtioii,  irldom  eiceeding  in  Enrope 
2  or  2-5  inchei,  and  within  the  tropica  B<uall]r  cooliDed 
within  much  murover  limiti.  Two  kindn  of  Tiriatioiui 
are  dislinguiihHl ;  regular  nr  horarj,  and  IrreguLir  or 
accideatal.  It  hu  beeu  obwrred,  Uiat  in  Euiope  the 
height  of  the  barometer  ii  greatest  at  two  perioda  ii 


are  mnewhat  altered.  The  aaridental  rariHtiona  are 
much  greater  in  aniount,  and  render  it  eitremelf  diffi- 
cult tc  trace  the  regular  change*  atwTe  mentioned. 

The  barometer  i>  applied  with  great  adrantage  to 
the  nKBauremeDt  of  aneBiible  heighta,  and  it  ia  al»  ia 
dailj  u>e  for  foretelling  the  atale  of  the  weather:  its 
indicatiuna  are  in  this  reepect  eitremelj'  deceptive, 
eicept  io  tlie  caae  of  audden  and  riolent  atorms  which 
are  almoat  alwaja  preceded  bj  a  rapid  fall  in  the  mer- 
curial coIdidq.  It  ii  oflea  eitremely  uteful  in  thic 
reapectat  aea. 

To  the  practical  cheniiat  a 
meter  Ji  an  indispenmble  artii 
menta  in  which  Tolumea  of  gases  are  to  be  aH 
an  account  muit  be  token  of  the  atale  of  the  p 
of  the  Btmoiphere.  The  mai^nal  drawing  repiesenta 
a  verjr  convenient  and  economical  aiphon-barometer 
for  thia  purpoK.  A  peoe  of  new  and  fetout  tube,  of 
about  one-third  of  an  iocli  io  internal  diameter,  ia 
procured  at  the  glaaa-hooae,  aealed  at  one  eitremity, 
and  bent  into  the  ajplioa-form,  as  repreaented.  Pure 
and  warm  mercur;  is  neit  introduced  by  aucceaBTe 
portions  until  the  tube  is  completely  Riled,  and  the 
latter  being  held  in  an  upright  positioD,  the  level  of 
the  metal  in  the  lower  and  open  limb  ii  conreDientlf 
adjuBl*d  by  dinplacing  a  portion  by  a  slick  or  glau 
rod.  The  barometer  is,  lastly,  attached  to  a  board, 
and  furnished  with  a  long  scale,  mnde  to  slide,  which 
may  be  of  boiwood,  with  a  slip  of  ivory  at  each  end- 
When  an  olscrvation  is  to  be  taken,  the  lower  eitremitjt 
«ro  of  the  scale  is  placed  exactly  even  with  the  mercury  in  the  abort 
>,  and  theu  the  height  of  the  column  at  once  read  off. 
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HEAT. 

It  ^11  1)6  ooQTenient  to  consider  the  subject  of  heat  under  several 
MLtions,  and  in  the  fbllowing  order : — 

1.  Expansion  of  bodies,  or  effects  of  rariations  of  temperatflre  in 

altering  thdir  dinoensions. 

2.  Condoction,  or  transmission  of  heat. 

3.  Change  of  state. 

4.  Capacitj  of  bodies  for  heat. 

The  phenomena  of  radiation  must  be  deferred  until  a  sketch  has  been 
^vea  of  the  science  of  light. 

EXPANSION. 

if  a  bar  of  metal  be  taken,  of  such  magnitude  as  to  fit  accurately  to 
a  gauge  when  cold,  heated  considerably,  and  again  applied  to  the  gauge, 
it  will  be  found  to  have  become  enlarged  in  all  its  dimensions.  When 
cold,  it  will  once  more  enter  the  gauge. 

Again,  If  a  quantity  of  liquid  contained  in  a  glass  bulb,  furnished 
with  a  narrow   neck,  be  plunged  into  hot  water,  or  exposed  to  any 


Fig,  17. 
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other  source  of  heat,  the  liquid  will  mount  in  the  stem,  showing  that 
Ha  volume  has  been  increased. 

Or,  if  a  portion  of  air  be  confined  in  any  vessel,  the  application  of  a 
slight  d^ee  of  beat  vrill  suffice  to  make  it  occupy  a  space  sensibly 
lai^r. 

This  moftt  general  of  all  the  effects  of  heat  fhmishes  in  the  outset  a 
principle,  by  the  aid  of  which  an  instrument  can  be  constructed  capable 
of  taking  cognizance  of  changes  of  temperature  in  a  manner  equally 
aocQiate  and  convenient ;  such  an  instrument  is  the  thermometer. 
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A  capillary  glaai  tabe  is  chosen,  of  unifenn  diameter:  one  extre- 
mity is  closed  and  expanded  into  a  bnlb,  by  the  aid  of  the  blowpipe 
flame,  and  the  other  somewhat  drawn  oat,  and  left  qaen.  The  bulb 
is  now  cautiously  heated  by  a  spirit-lamp,  and  the  open  extremity 
plnngpd  into  a  vessel  of  mercury,  a  portion  of  which  rises  into  the 
bulb  when  the  latter  cools,  replacing  the  ur  whidi  had  been  expanded 
and  driven  out  by  the  heat.  By  again  applying  the  flame,  and  caasiag 
this  mercury  to  boil,  the  remainder  of  the  air  is  esisily  expelled,  and  the 
whole  space  filled  with  mercurial  vapour,  on  the  condensation  of  which 
the  metal  is  forced  into  the  instrument  by  the  pressure  of  the  air,  until 
it  becomes  completely  filled.  The  thermometer  thos  filled  is  now  to  be 
heated  until  so  much  mercury  has  been  driven  out  by  the  expansion  ot 
the  remainder,  that  its  level  in  the  tube  shall  stand  at  common  tem> 
peratures  at  the  point  required.  This  being  satisfactorily  adjusted,  the 
heat  is  oooe  more  applied,  until  the  column  rises  quite  to  the  top ;  and 
then  the  extremity  of  the  tube  is  hennetically  sealed  by  the  blowpipe. 
The  retracti<»i  of  the  mercory  on  cooling  now  leaves  an  empty  space 
in  the  upper  part  of  the  tube,  which  is  essential  to  the  perfection  of  the 
instrument. 

The  thermometer  has  yet  to  be  graduated ;  and  to  make  its  iDdi*> 
cations  comparable  with  those  of  other  instruments,  a  scale,  having 
certain  fixed  points,  at  the  least  two  in  number,  must  be  adapted 

to  it. 

It  has  been  observed,  that  the  tempe- 
rature of  melting  ice,  that  is  to  say,  of  a 
mixture  of  Ice  and  water,  is  always  con  • 
stant;  a  thermometer,  already  graduated, 
plunged  into  such  a  mixture,  always  marks 
the  same  degree  of  temperature,  and  a 
simple  tube  filled  in  the  manner  described 
and  so  treated,  exhibits  the  same  efiect  in 
the  unchanged  height  of  the  little  mercn* 
rial  column,  when  tried  from  day  to  day. 
The  freecing-point  of  water,  or  meltings 
point  of  ice,  constitutes  then  one  of  the 
invariable  temperatures  demanded. 

Another  is  to  be  found  in  the  boiling- 
point  of  water,  or,  more  accurately,  in  the 
temperature  of  steam  which  rises  from 
boiling  water.  In  order  to  give  this 
temperature,  which  remains  perfectly 
constant  whilst  the  barometric  pressure 
is  constant,  to  the  mercury  of  the  ther- 
mometer, distilled  water  is  made  to  boil 
in  a  glass  vessel  with  a  long  neck,  when 
the  pressure  is  at  30  inches  (fig.  20).  The 
thermometer  is  then  so  placed  that  all  the 


Fig.  20. 


HEAT. 

lacroary  is  sornmnded  with  gteam.  It  qaicklj  rises  to  a  fixed  point, 
and  there  it  remaina  as  long  as  the  water  boils,  and  the  height  of  the 
barometer  is  anchanged. 

The  tabe  having  been  carefully  mariced  with  a  file  at  these  two 
points,  it  Temains  to  divide  the  interval  into  d^rees :  this  division  is 
entireiy  arbitrary  ;  in  the  greater  part  of  Europe,  and  in  America,  the 
Kale  calkd  Centigrade  is  employed;  the  space  in  question  being 
divided  into  100  parts,  the  zero  being  placed  at  the  freecing-point  of 
water.  The  scale  is  oontinoed  above  and  below  these  points,  numbers 
bdaw  0  being  distingaished  by  the  negative  sign. 

In  En^and  the  very  inconvenient  division  of  Fahrenheit  is  still  in 
use :  the  above-mentioned  space  is  divided  into  180  degrees,  but  the 
xero,  instead  of  starting  from  the  freezing-point  of  water,  is  placed 
32  degrees  below  it,  so  that  the  temperature  of  ebullition  is  expressed 
by  the  number  of  212^. 

The  plan  of  Keaumur  is  nearly  confined  to  a  few  places  in  the 
nofTth  of  Germany  and  to  Russia :  in  this  scale  the  freezing-point  of 
water  is  made  0°,  and  the  boiling-point  SO''. 

It  is  unfortunate  that  a  uniform  system  has  not  been  generally 
adopted  in  graduating  thermometers:  this  would  render  unnecessary 
the  labour  which  now  so  frequently  has  to  be  perfoi-med  of  translating 
the  language  of  one  scale  into  that  of  another.  To  effect  this,  pre- 
sents, however,  no  great  difficulty.  Let  it  be  required,  for  example, 
to  know  the  degree  of  Fahrenheit's  scale  which  corresponds  to  60° 
Centigrade. 

lOOO  C  =  180O  F,  or  5°  C  =  9°  F. 
Consequently, 

-  5  :  9  =  60  :  108. 

Bat,  then,  as  Fahrenheit's  scale  commences  with  32°  instead  of  0°,  that 
number  must  be  added  to  the  result,  making  60°  C  =  140°  F. 

The  rule  then  will  be  the  followring: — To  convert  Centigrade  de- 
grees into  Fahrenheit  d^rees,  multiply  by  9,  divide  the  product  by  5, 
and  add  32 ;  to  convert  Fahrenheit  d^rees  into  Centigrade  degrees, 
subtract  32,  multiply  by  5,  and  divide  by  9. 

The  reduction  of  negative  degrees,  or  those  below  zero  of  one  scale 
into  those  of  another  scale,  is  effected  in  the  same  way.  For  example, 
to  ooovert  —  15  C  into  degrees  of  Fahrenheit — 

W>  have  -  15  X  —  +  32  =  -  27  -f  32  =.  +  5  F. 

5 

Mercarj  is  nsnally  chosen  for  niaking  thermometers  on  account  of 
its  regularitj  of  expansion  within  certain  limitS|  and  because  it  is 
euy  to  have  the  scale  of  great  extent,  fixnn  the  large  interval  between 
the  freezing  and  boiling  points  of  the  metal.  Other  substances  are 
jiometima  used ;  alcohol  is  employed  for  estimating  veiy  low  tempera- 
tures. 
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Air4hefniometerg  are  also  nied  for  some  few  particular  purposes  ; 
indeed,  the  first  thenoometer  ever  made  was  of  this  kind.  Thei«  are 
two  modi6cations  of  this  instrument:  in  the  first,  the  liquid  into 
which  the  tube  dips  is  open  to  the  air ;  and  in  the  second,  shown 
below,  the  atmosphere  is  completely  excluded.  The  effects  of  ex- 
pansion are  in  the  one  case  complicated  with  those  arising  from 
changea  of  pressure,  and  in  the  other  cease  to  be  visible  at  ail  when 
the  whole  instrument  is  subjected  to  alterations  of  temperature, 
becanse  the  air  in  the  upper  and  lower  reservoir,  being  equally 
affected  by  such  changes,  no  alteration  in  the  height  of  the  fluid 
column  can  occur.  Accordingly,  such  instruments  are  called  differeti- 
ticU  thermometers,  since  they  serve  to  measure  differences  of  tempera- 
tures between  the  two  portions  of  air,  while  changes  affecting  both 
alike  are  not  indicated.  Fig.  22  shows  another  form  of  the  esuxui 
instrument. 

Fig.  22, 


The  air-thermometer  may  be  employed  for  measuring  all  tempera- 
tures from  the  lowest  to  the  highest ;  M.  Pouillet  has  described  one  by 
which  the  heat  of  an  air-furnace  could  be  measured.  The  reservoir  of 
this  instrument  is  of  platinum,  and  it  is  connected  with  a  piece  of  ap- 
paratus by  which  the  increase  of  volume  experienced  by  the  included  air 
is  determined. 

An  excellent  air-thermometer  has  been  constructed  and  used  by 
Rudberg,  and  more  recently  by  Magnus  and  Regnault,  for  measuring 
the  expansion  of  the  air.  its  construction  depends  on  the  law,  that 
when  air  is  heated  and  hindered  from  expanding,  its  tension  increases 
in  the  same  proportion  in  which  it  would  have  increased  in  volume  if 
permitted  to  ^pand. 
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Mi  bodies  are  enlarged  in  their  dimensions  by  the  application  of 
beat,  and  reduced  by  its  abstraction ;  or,  in  other  words,  contract  on 
being  artificially  cooled:  this  effect  takes  place  to  a  comparatively 
ODsil  extent  with  solids,  to  a  larger  amount  in  liquids,  and  most  of  all 
ia  the  case  <^  gases. 

Each  9tAJd  and  liquid  has  a  rate  of  expansion  peculiar  to  itself; 
gssesyon  the  oootrary,  expand  nearly  alike  for  the  same  increase  of  heat. 

The  difierence  of  expansibility  among  solids  is  very  easily  illustrated 
bytiie  following  arrai^ement:  a  thin  straight  bar  of  iron  is  fiimly 
fixed,  by  nnmeroos  rivets,  to  a  similar  bar  of  brass :  so  long  as  the 
tanperatore  at  which  the  two  metals  were  united  remains  unchanged, 
the  compound  bar  preserves  its  straight  figure ;  but  any  alteration  of 
tanperatore  gives  rise  to  a  corresponding  curvature.  Brass  is  more 
dilatable  than  iron ;  if  the  bar  be  heated,  therefore,  the  former  expands 
more  than  the  latter,  and  forces  the  straight  bar  into  a  curve,  whose 
ooovez  ade  is  the  brass ;  if  it  be  artiBcially  cooled,  the  brass  contracts 
more  than  the  iron,  and  the  reverse  of  this  effect  is  produced. 


This  ^uct  has  received  a  most  valuable  application.   It  is  not  necessary 

to  insist  on  the  importance  of  possessing  instruments  for  the  accurate 

measurement  of  time ;  such  are  absolutely  indispensable  to  the  successful 

cultivation  of  astronomical  science,  and  not  less  useful  to  the  navigator, 

from  the  a8sistan<x  they  give  him  in  finding  the  longitude  at  sea.     For 

a  l<mg  time,  notwithstanding  the  perfection  of  finish  and  adjustment 

bestowed   upon   clocks  and  watches,  an  apparently  insurmountable 

obstacle  presented  itself  to  tiieir  uniform  and  regular  movement:  this 

obstacle  was  the  change  of  dimensions  to  which  tibe  regulating  parts  of 

the  machine  were  subject  by  alterations  of  tempeiature.    A  clock  may 

be  defined  as  an  instrument  for  registering  the  noraber  of  beats  made 

by  a  pendnlnm :  now  the  time  of  oscillation  of  a  pendulum  depends 

prmajpaify  upon  its  length ;  any  alteration  in  this  condition  will  seriously 

■fleet  the  rate  of  the  dock.    The  material  of  which  the  rod  of  the 

pewluluin  is  composed  is  subject  to  expansion  and  contraction  by 

cbangw  oftemperatui'e;  so  that  a  pendulum  adjusted  to  vibrate  seconds 

at  60^  (15^*50}  would  go  too  ^ow  jf  the  temperature  rise  to  70° 


('!l°-ICr),  from  its  eloDgstJon,  and  t( 

50°  (1D°C),  trtm  the  oppo«ite  Maie. 

This  emit  dilScuttf  bu  been  om 

nombetofbsnof  ironuidl 


I  fart  if  the  UiDperatare  &II  to 

ome ;  by  msking  the  rod  of  m 
meUh  whoK  iat«a 


of  opanrion  are  different,  nnd  iiTan^ng  thtm  bora  ii 
that  the  eipansien  m  cne  direction  of  the  iron  >hnl1  t«  exMtIf  com- 
penaated  by  that  in  the  oppoiite  dlrectioa  of  the  brau  or  tine,  it  is 
pouible  to  maintain  under  ill  circumetaiicet  of  tempentare  an  inrari- 
abte  dialance  between  Ihe  points  of  snspeosion  and  of  orcillatiDn.  This 
is  often  called  the  gridiron  pendaltim  ;  Hg.  24  will  dear);  illuftrate  Ita 
principle  {  the  aheded  ban  are  auppoani  to  be  iron  and  the  ottaera  line 


A  (till  rimplet  compensatioa-peiiduinin  Is  thai  constmeted.  The 
weight  or  twb,  instead  of  being  made  of  a  dice  of  metal,  cadsiats  of  a 
erlindrical  glass  jar  containing  mercury,  nhich  is  held  by  a  stirrup  at 
the  eitrnnity  of  the  steel  pendulum-rod,  fig.  25.  The  ante  increaaeaf 
temperature  which  lengthens  this  rod.causee  thcToluEneof  the  mercmy 
to  enlarge,  and  Its  level  to  rise  in  the  jar  i  the  etntre  of  gravity  is  thus 
elevated,  aod  by  properly  adjusting  the  quantity  of  mercnty  in  the  glaaa, 
Uie  virtual  lengtji  of  the  pendulom  may  be  made  constant. 

In  watchea,  the  goreming  power  is  a  hoiitoDtal  weighted  whed,  a«t 
in  rootioa  in  one  direction  by  the  machine  itself,  and  in  the  other  by  a 
fine  spiral  spring.  The  rate  of  going  dqwnda  greatly  on  the  diameter  of 
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thit  vhccl,  and  the  diimctor  ts  of  Deeeteltf  subject  to  variation  bj 

r^aogc  of  tnnpentan.     Ta  remed;r  ^*  evil  thos  iDTolTnl,  the  cimun- 

fanKc  of  tlie  balimee-irhed  i*  mode  of  two  melila  hiring  different 

rst^  <^  expanekm,  iinnlj  soldend  togeEher, 

ike  moiv  eipuuihie  being  on  the  outude.  'V-  ^ 

The  CDvnpoiubd  rim  is  fdso  cat  thron^h  la 

tvo  ptacH,  as  reprnented  in  the  di-Bwing. 

Wlwa  the  watah  ie  eipjsed  to  a  high  lem- 

[i<f«tiire,   and  the   diunrter  of  the  wheel 

hwi  iwiiM  enlarged  bj  ekpaotjoti,  each  leginent 

ia  made,  by  the  same  sgeoej^  to  luume  a 

■lurper  carre,  whereby  ita  centre  of  graTtty 

i*  thnnm  inwarda,  an)  the  eipansiTe  etTect 

cmopleteW  compenialed.    Mod;  other  beau- 

tilril   sppncatinna    oF  the '  nme  priocifde 

migbt   be  poiatfll  out:    the  metallic  ther- 

KKaueter  of  U.  Bregnet  is  one  of  th«K. 

Ur.  Daoiell  TCrj  tkUfuIlr  applied  the  eipansion  of  a  ntd  of  metsl  to 
Ow  meaaureinent  of  tempernturs  ahore  those  capnbleof  being  indicated 
bj  the  tfaermomeler.  A  rod  of  iron  or  platinum,  al»ut  live  inth«  long, 
ia  dnipped  into  a  tube  of  black-lead  earthenware  ;  a  little  cjiinder  of 
baked  porcelain  ii  put  over  it,  and  secured  in  ita  place  by  a  platinum 
•trap  and  a  weilge  of  porcelain.  When  the  whole  is  exposed  to  beat,  the 
eipaiuian  of  the  bar  drives  forward  the  cjlinder,  which  moves  with  a 
eertaiD  degree  of  friction,  and  shows,  ' 
the  lengthening  which  the  bar  has 

tren  vben  the  heat  has  been  eicei 
bjr  the  cootrivanw,  shown  in  the  dr 
l«^raini  of  the  lever  carry- 
ing the  vernier  of  the  scale  ii 
multiplied  by  10,  in  couae- 
qjitaee  of  its  Bnperior  length. 
The  K«I«  iwelf  »■  •"***  ™"^ 
uraUe  with  thiit  of  the  rail- 
BtTT  theiTDOineter,  by  plunging 
the  inlnunent  into  a  bath  of 
nwfcnrT  near  its  point  of  con- 
nlalioD,  and  afterwards  into 
LBlherof  tbeMtroemetalina 
bdliagat-te.  and  marking  off 
Ik  interval.  By  this  inslra- 
Mt  lie  meltii-g-point  of  cast 
I™  n*  fi<ed   at  2766°  Fah-    ' 

r™l.dK1530°C)'"'**)".P^'- 

»t  bat  of  ft  food  wind-lumace 

TrtontSSOO-'OSlS'^O 


bytheeile 

It  remains,  th. 

Erefor«. 

anient,  whic 

lingly  Intel 
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effected 
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lich  the  motion 
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The  actual  amount  of  expanBion  which  different  solids  undei^o  by 
the  same  increase  of  heat  has  been  carefully  investigated.  The  fol- 
lowing are  some  of  the  results  of  the  best  investigations,  more  par- 
ticularly those  of  Lavoisier  and  Laplace.  The  fraction  indicates  the 
amount  of  expansion  in  length  suffered  bj  rods  of  the  undermeDtioned 
bodies  in  passing  from  32*'  (0°C)  to  212°  (100°C). 

Firwood* , 
English  flint  glass . 
Platinumf 

Common  white  glass]; 
Common  white  gla8S§ 
Glass  without  lead 
Another  specimen 
Steel  untempered  . 

From  the  linear  expansion,  the  cubic  expansion  (or  increase  of 
Tolume)  may  be  calculated.  When  the  expansion  of  a  body  in  dif- 
ferent directions  is  equal,  as,  for  example,  in  glass,  hammered  metals, 
and  generally  in  most  uncrystallized  substances,  it  will  be  sufficient  to 
triple  the  fractiou  expressing  the  increase  in  one  dimension.  This  rule 
does  not  hold  true  for  crystals  belonging  to  irregular  systems,  for  they 
expand  unequally  in  the  direction  of  the  different  axes. 

Metals  appear  to  expand  pretty  uniformly  for  equal  increments  of 
heat  within  the  limits  stated  ;  but  above  the  boiling-point  of  water  the 
rate  of  expansion  becomes  irregular  and  more  rapid. 

The  force  exerted  in  the  act  of  expansion  is  very  great.  In  laying 
down  railwap,  building  iron  bridges,  erecting  long  ranges  of  steam- 
pipes,  and  in  executing  all  works  of  the  kind  in  which  metal  is  largely 
used,  it  is  indispensable  to  make  provision  for  these  changes  of  dimensions. 

In  consequence  of  glass  and  platinum  having  nearly  the  same  amount 
of  expansion,  a  thin  platinum  wire  may  be  fused  into  a  glass  tube, 
without  any  fear  that  it  will  break  on  cooling, 

A  very  useful  little  application  of  expansion  by  heat  is  that  to  the 
cutting  of  glass  by  a  hot  iron :  this  is  constantly  practised  in  the  labo- 
ratory for  a  gi'eat  variety  of  purposes.  The  glass  to  be  cut  is  marked 
with  ink  in  tlie  wished-for  direction,  and  then  a  crack  commenced  by 
any  convenient  method,  at  some  distance  from  the  desired  line  of  frac- 
ture, may  be  led  by  the  point  of  a  heated  iron  rod  along  the  latter  with 
the  greatest  precision. 

Expansion  of  Fluids, — ^The  dilatation  of  a  fluid  may  be  determined 
by  filling  a  thermometer  with  it,  in  which  tlie  relation  between  the 
capacity  of  the  ball  and  that  of  the  stem  is  exactly  known,  and 
observing  the  height  of  the  column,  at  different  temperatures.  It  is 
necessary  in  this  experiment  to  take  into  account  the  effects  of  the 

*  In  the  direction  of  the  vessels— Kater.  f  Borda. 

t  DuloDg  and  Petit,  $  Lavoisier  and  Laplooe ;  also  Magnus. 
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csnnsioo  of  the  ghs  itself,  the  obseired  result  being  eyidently  the 
(t^ermce  of  the  two. 

Liquids  rarj  exceedingly  in  this  particular.  The  following  table  is 
taken  liom  Poet's  EUmens  de  Physique. 

AfpartiU  DUatalwn  in  Glass  between  32"  (0°C)  and  212''  (lOO^C). 

Water            .....  ^ 

Hydrochloric  add,  sp.  gr.  1  *  137  .            .  •      Jr 

Nitric  add,  ap.  gr.  1  *4          .             .             .  ^ 

Sulphuric  add,  ap.  gr.  1*85        .            .  •      tV 

Ether             .....  -jli 
Olive  oil              .....      -{^ 

Alcohol          .....  I 

Mercurj              .             .             .             .  •       £ 

Moat  of  these  Duxnbers  must  be  taken  as  representing  mean  results ; 
for  there  are  few  fluids  which,  like  mercury,  expand  regularly  between 
these  temperatures.  Even  mercury  above  212"  (lOO^C)  shows  an 
unequal  and  increasing  expansion,  if  the  temperature  indicated  by  the 
air  thermometer  be  used  for  comparison.  This  is  shown  by  the 
following  abetract  of  a  table  given  by  Regnault : — 

Temperature  deduced  from 
the  abflolute  expaaslon  uf 

Mercury. 
32"  F  =  0"  C 
212"  F  =  100°  C 
397°  F  =  202° -780 
587"  F  =  308° -340 
683" •88P  =  362"- 16C 


Beading  of  Air 
ThenDometer. 
32"F  =  0"C 
212"F  =  100"C 
392°F  =  200"C 
572"F  =  300"C 
662"F  =  350"C 


Reading  of  Mercurial 
Tbermomeier. 

32"  F  =   0"C 

212"  F  =  100"C 

392"  F  =  200"C 

273"  ^F  =  30l°C 

669"  •2F  =  354"C 


The  absolute  amount  of  expansion  of  mercury  is,  for  many  reasons, 
a  point  o€  great  importanoe :  it  has  been  very  carefully  determined  by 
a  method  independent  of  the  expansion  of  the  containing  vessel.  The 
apparatus  employed  for  this  purpose,  first  by  MM.  Dulong  and  Petit, 
and  hiter  by  Regnault,  is  shown  in  fig.  28,  divested,  however,  of  many 
of  its  subordinate  parts.  It  consists  of  two  upright  glass  tubes,  con- 
nected at  their  bases  by  a  horizontal  tube  of  much  smaller  dimensions. 
Since  a  free  communtcation  exi.st8  between  the  two  tubes,  mercury 
poured  into  the  one  will  rise  to  the  same  level  in  the  other,  provided 
its  temperature  is  the  same  in  both  tubes :  when  this  is  not  the  case, 
the  hotter  column  will  be  the  taller,  because  the  expansion  of  the 
metal  diminishes  its  specific  gravity,  and  the  law  of  hydrostatic 
equilibrium  requires  that  the  height  of  such  columns  should  be  in- 
venely  as  their  densities.  By  the  aid  of  the  outer  cylinders,  one  of 
the  tubes  is  maintained  constantly  at  32"  (0"C),  while  the  other  is 
raised,  by  means  of  heated  water  or  oil,  to  any  required  temperature. 
The  perpendicular  heights  of  the  columns  may  then  be  read  off  by  a 
Horizontal  micrometer  telescope,  moving  on  a  vertical  divided  scale. 


liqoid*,  m  tJatUw  imoont  of  wpiinsioQ  admit*  of  beii^  rrry  oibIj 
calcuhted.  Thai,  let  the  column  at  32°  (0°C)  U  6  incbea  high,  and 
that  «t  212°  (100°C)  8-108  inchM,  the  Idcimm  of  height,  108.  oa 
6000,  or  if.[  part  of  the  whole,  muit  repTwent  the  aUoluM  cubical 


micDunilc  when 


The  indiations  of  the  mercurial  thermometer  ai 
reiy  high  nmga  of  temperaluie  are  coDcenied,  ( 
eiiKDsibility  of  the  metal.  The  error  Ihna  oiuaed  ia,  however,  neu-ly 
compecuated  for  temparatur™  under  400°F  (204°-5C)  by  the  npan- 
tico  of  the  glaaa  tube.  For  higher  temperature)  a  bmall  correctloa  ia 
neceaaary,  ai  the  above  table  abowi. 

To  what  extent  (he  ei{>an)ion  of  diSerent  liquids  may  vary  be- 
tween the  lanie  tempeislurei,  i«  obvioua  from  a  glance  at  Gg.  2S, 
which  represente  the  eipamsion  of  mercury  (M),  water  (W),  oil  of 


equalliog 
diagram,  ^. 
86°  (30°C). 


turpentine  (T),  and  alcohol  (A).  A  column  of  theee  aerersl  liquids, 
equalliog  at  32°  (O^C)  the  tenfold  height  of  the  litir>  0  O'l  in  the 
■  ■  - "■  to  a  leniperatuie  of  50°  (10°C),  68°  (20X), 
LMu  vjji  nvuiu  c-^uubit  an  eipenston  indicated  by  the  distance* 
rhich  the  perpeadicalar  lines  drawn  over  the  numbera  10,  20,  30, 
inleraected  by  the  curve)  belongiog  to  each  of  1he«  liquids.  Thus 
«een  that  oil  of  tuiiKntioe,  between  32°  (0°C)  aud  212°  (100°C), 
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opaiids  very  oearlj  ,^  of  its  Tolam«,  and  that  mercury  between  the 
saLBoe  limits  of  temperatare  expands  uniformly,  while  the  rate  of  ex-> 
fiaBoa  of  the  other  liquids  increases  with  the  rise  of  the  temperature. 
An  exception  to  the  regularity  of  expansion  in  fluids  exists  in  the 
ose  of  water :  it  is  so  remarkable,  and  its  coosequeuoes  so  important, 
that  it  is  necessary  to  advert  to  it  particularly. 

Let  a  large  tiiermometer-tube  be  611ed  with  water  at  the  common 
temperature  of  the  air,  and  then  artificially  cooled.  The  liquid  will 
be  observed  to  contract,  until  the  temperature  &lls  to  about  40° 
(4^-440),  or  8°  abore  the  freezing-point.  AAer  this,  a  furtho-  re- 
duction of  temperature  causes  expansion  instead  of  contraction  in  the 
▼olnme  of  the  water,  and  this  expansion  continues  until  the  liquid 
sinTia  at  its  point  of  congelation,  when  so  sudden  and  violent  an 
enlargement  takes  place,  that  the'iressel  is  almost  iuTariably  broken. 
At  the  temperature  of  40°  (4*44C),  or  more  correctly,  perhaps,  39°*  5, 
(4*1C,)  water  is  at  its  maximum  density;'*'  inci'ease  or  diminution  of 
beat  produces  upon  it,  for  a  short  time,  the  same  effect. 

A  beautifal  experiment  by  Dr.  Hope  illustrates  the  same  feet.    If 
a  tall  jar  tilled  with  water  at  50°  (10°CJ  or  60°  (15°-  5C),  and  having 
in  it  two  small  thermometers,  one  at  tne  bottom  and  the  other  near 
the  Boriaoe,  be  placed  at  rest  in  a  very  cold  room,  the  following 
changes  will  be  observed.     The  thermometer  at  the  bottom  will  ML 
more  rapidly  than  that  at  the  top,  until  it  has  attained  the  tempera- 
tare  of  40°  (4°*4C),  after  which  it  will  remain  stationary.   At  length 
the  upper  thermometer  will  also  mark  40°  (4°*4C),  but  still  continue 
to  sink  as  rapidly  as  before,  while  that  at  the  bottom  remains  sta- 
tionary.   It  is  easy  to  explain  these  effects ;  the  water  in  the  upper 
part  of  the  jar  is  rapidly  cooled  by  contact  with  the  air;  it  becomes 
denser  in  consequence,  and  falls  to  the  bottom,  its  place  being  supplied 
by  the  lighter  and  warmer  liqoid,  which  in  its  turn  suffers  the  same 
change ;  and  this  circulation  goes  on  until  the  whole  mass  of  water  has 
acquired  its  condition  of  maximum  density,  that  is,  until  the  tempera- 
tnre  has  fallen  to  40°  (4°*4C).     Beyond  this,  loss  of  heat  occasions 
expansion  instead  of  contraction ;  so  that  the  very  cold  water  on  the 
sQffiice  has  no  tendency  to  sink,  but  rather  the  reverse. 

*  Aocotding  to  the  latest  rpsearehes  of  Kopp,  the  point  of  greatest  density 
of  the  water  Is  39*^34  (4'''08C).  Aooording  to  the  determinations  of  this 
tikyadst,  the  volume  of  water  =  1  at  32"  (u"C)  changes  when  heated  to  the 
JoUowing  volomes : — 


as-'-ei  cr  C)  o-»99i 
ssr-2  (4*  c;  o-»99(«« 

42"' 8    (6*  C)  ©•99990 
4r-4    (8*  C)  0-99999 

SO*"    (i<«3;  1-00012 

63"a    (12*0)1-00031 
e3*'6    (I4*t3)  1- 00066 

M*-4    (18^0)1-00118 
ei»       (20*0)  1  'OOUl 


71**6(22"C)  1-00200 
75*-2(24'C)l-«0247 
17*      (26'C)  1*00272 
30»C)  1-00406 
35'0)  1-00670 
40'C)  1-00753 
(45*C)  1-00964 
(60*C)  1-01177 
(56*C)  1-01410 


«6' 
95" 
104* 
113* 
122* 
131* 


140* 
149* 
168* 
1«7' 
176* 
185* 
194* 
203* 


60'C)  1-01659 

65*C)  1-01930 

70"U)  1-02225 

75*C)  1-02544 

SO'C)  1-02868 

85"C)  1-03189 

90<X?)  1-03540 

(  95'»J)  1-03909 


2U*  (lOO'C)  1- 04299 
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This  singular  anomaly  in  the  behaviour  of  water  is  attended  hv  the 
most  beneficial  consequences  in  shielding  the  inhabitants  of  the  waters 
from  excessive  cold.  The  deep  lakes  of  the  North  American  continent 
never  freexe,  the  intense  and  prolonged  cold  of  the  winters  of  those 
regions  being  insufficient  to  reduce  the  temperature  of  such  masses  of 
water  to  40°  (4° '40).  Ice,  however,  of  great  thidcness  fonns  over 
the  shallow  portions,  and  the  rivers,  and  accumulates  in  mounds  upon 
the  beaches,  where  the  waves  are  driven  up  by  the  winds. 

Above  the  freezing-point  sea-water  has  no  point  of  maximum  deanty. 
The  more  it  is  cooled  the  denser  it  becomes,  until  it  solid! Bes  at  26^  *  5 
(  -  3°CJ.  The  gradual  expansion  of  pure  water  cooled  below  40° 
(4^*40;  must  be  carefully  distinguished  from  the  great  and  sudden  in« 
crease  of  volume  it  exhibits  in  the  act  of  freezing,  and  in  which  respect 
it  resembles  many  other  bodies  which  expand  on  solidifying.  It  maj  be 
observed  that  the  force  thus  exerted  by  freezing  water  is  enormous. 
Thick  iron  shells  quite  filled  with  water,  and  exposed  with  their  fuse* 
holes  securely  plugged,  to  the  cold  of  a  Canadian  winter  night,  hare 
been  found  the  following  morning  split.  The  freezing  of  water  in  the 
joints  and  crevices  of  rocks  is  a  most  potent  agent  in  their  disinte- 
gration. 

Expansion  of  Oases. — ^This  is  a  point  of  great  practical  importance 
to  the  chemist,  and  happily  we  have  very  excellent  evidence  upon  the 
subject.  The  following  four  propositions  exhibit,  at  a  single  view,  the 
principal  facts  of  the  case  : — 

1.  All  gaiies  expand  nearly  alike  for  equal  increments  of  heat ;  and 

all  vapours,  when  remote  from  their  condensing  points,  follow 
the  same  law. 

2.  The  rate  of  expansion  is  not  altered  by  a  change  in  the  state  of 

compi-ession,  or  elastic  foroe  of  the  gas  itself. 

3.  The  rate  of  expansion  is  uniform  for  all  degrees  of  heat. 

4.  The  actual  amount  of  expansion  is  equal  to  ^^  part  of  the 

volume  of  the  gas  at  QP  Fahrenheit,  for  each  degree  of  the 
same  scale. 

It  will  be  unnecessary  to  enter  into  any  description  of  the  methods 
of  investigation  bv  which  these  results  have  been  obtained ;  the  ad- 
vanced student  will  find  in  Pouillet's  Elemens  de  Physiqtie,  and  in  the 
papers  of  MM.  Magnus*  and  Regnault,t  all  the  information  he  tnay^ 
require. 

In  the  practical  manipnlation  of  gases,  it  very  often  becomes  neces- 
fsary  to  make  a  correction  for  temperature,  or  to  discover  how  much 
the  volume  of  a  gas  would  be  increased  or  diminished  by  a  particalar 
change  of  temperature :  this  can  be  effected  with  great  fiKsility.  Let 
it  be  required,  for  example,  to  find  the  volume  whidb  100  cubic  inchtt 

*  PoggendorfTs  Annalen,  iv.  1. 

t  Ann.  Cbim.  eU  I'byB.*  3rd  series,  iv.  6,  and  v.  62. 
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ef  mj  feas  at  50°  (tO°C)  would  become  on  the  temperature  risine  to 

The  rate  of  ezpansion  Is  ^  of  the  volume  at  0°  for  each  degree ;  or 
4^  measures  at  0°  become  461  at  1^  462  at  2^,  460  +  50  =  510  at 
50^,  and  460  +  60  =  520  at  60<>.    Hence 

«t50O.         MeaaateO^.        Heas.at50O.        Ifeas.  at  60°«  \ 

510         :        620        =         100        ;        101  •  96  \ 

If  this  calculation  is  required  to  be  made  on  the  Centigrade  scale,  it 
must  be  remembered  that  the  zero  of  that  scale  is  the  mdting-point  of 
•oe.  AboTe  this  temperature  the  expansion  for  each  degree  of  the 
Centigrade  scale  is  y^  of  the  original  volume. 

This,  and  the  correction  for  pressure,  are  operations  of  verj  frequent 
ocearrmce  in  chemical  investigations,  and  the  student  will  do  well  to 
become  familiar  with  them. 


Sole. — Of  the  four  propositions  stated  in  the  text,  the  first  and 
scoood  have  quite  recently  been  shown  to  be  true  within  ceiiain  limits 
onlj ;  and  the  third,  although  in  the  highest  degree  probable,  would 
be  Tery  difficult  to  demonstrate  rigidly :  in  fact,  the  equal  rate  of  ex- 
pAnaioD  of  air  is  assumed  in  all  experiments  on  other  substances,  and 
becomes  the  standard  by  which  the  i-esults  are  measured. 

The  rate  of  expansion  for  the  different  gases  is  not  absolutely  the 
same ;  but  the  difference  is  so  small,  that  for  most  purposes  it  may 
whh  perfect  safety  be  neglected.  Neither  is  the  state  of  elasticity  alto- 
gether indifferent,  the  expansion  being  sensibly  greater  for  an  equal 
rite  of  temperature  when  the  gas  is  in  a  compressed  state. 

It  is  important  to  notice,  that  the  greatest  deviations  from  the  rule 
are  exhibited  by  those  gases  which,  as  will  hereafter  be  seen,  are  most 
eeaily  liquefied,  soch  as  carbonic  add,  cyanogen,  and  sulphurous  acid ; 
and  that  the  discrepancies  become  smaller  and  smaller  as  the  elastic 
force  is  lessened ;  so  that,  if  means  existed  for  comparing  the  diffierent 
gases  in  states  equally  distant  from  their  points  of  condensation,  there 
is  reason  to  believe  that  the  law  would  be  strictly  fulfilled. 

The  experiments  of  Dalton  and  Gay-Lussac  give  for  the  rate  of  ex- 
pansion ^g  of  the  Tolume  at  0° :  this  is  no  doubt  too  high.  Those  of 
Hndbeig  give  ^ ;  of  Magnus  ^ ;  and  of  Regoault  ^ ;  tlie  fraction 
^is  adopted  in  the  text  as  a  convenient  number,  sufficiently  near 
tne  m^an  of  the  three  preceding  to  answer  all  purposes. 


The  readj  expansibility  of  air  by  heat  gives  rise  to  the  phenomena  of 
winb.  In  the  temperate  regions  of  the  earth  these  are  very  variable 
sod  uncertain,  bat  within  and  near  the  tropics  a  much  greater  regu- 
larity prevails ;  of  this  the  trade-winds  furnish  a  beautiful  example. 
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The  smaller  degree  of  obliquity  with  which  the  son's  ni78  fall    in 
the  localities  mentioned,  occasions  the  broi«d  belt  thus  stretching  rounf  i 

the  earth  to  become  more  hented 
than  any  other  part  of  the  aarface. 
The  heat  thus  acquired  by  ahsoi-p- 
tion  is  imparted  to  the  lower  stratum 
of  air,  which,  becoming'  expand^, 
rises,  and  g^ves  place  to  another, 
and   in  this  manner  an  ascendiit^ 
cujTent  is  established, — the  colder 
and  heavier  air  streaming  in  late- 
rnlly  from  the  more  temperate  re- 
gions, noilh  and  south,  to  supply 
the  partial  vacuum  thus  occaidoned. 
A  circukition  iio  commenced  will  be 
completed  ia  obedience  to  the  laws  ofhydrratatiiv,  by  t&e  establishment 
of  counter-currents  in  the  higher  paits  of  the  atmosphere,  having  direc- 
tions the -reverse  of  thuse  on  the  surface; 

Such  is  the  eifect  produced  by  the  unequal  heating  of  the  equatorial 
parts,  or,  more  corretdly,  such  wihiM  be  the  effect  were  it  not  gi*eatl y 
modified  by  the  earth's  movement  of  rotation. 

As  the  circumference  of  the  earth  is,  in  round  numbers,  about 
24,000  mile^,  and  since  it  rotates  on  its  axis,  from  west  to  east,  once  in 
24  hours,  the  equatorial  paiis  must  ha\'e  a  motion  of  1000  miles  per 
hour :  this  velocity  diminishes  insipidly  towaMs  each  pole,. where  it  is 
reduced  to  nothing. 

The  earth  iu  its  rotation  carries  with  it  the  atmosphere,  whose 
velocity  of  movement  corresponds,  in  the  absence  of  disturbing  causes, 
with  that  part  of  the  surface  immediately  below  it.  The  air  which 
rushes  towzuds  the  equator,  to  supply  the  place  of  that  raised  aloft 
by  its  diminished  density,  brings  with  it  tlio  degree  of  momentum 
belonging  to  that  portion  of  the  earth's  surface  from  whioh  it  set  out. 
and  as  this  momentum  is  less  than  that  of  the  earth,  under  its  new 

position,  the  earth  itself  travels  faster 
than  the  air  immediately  over  it,  thus 
producing  the  effect  of  a  wind  blowing 
in  a  contrary  direction  to  that  of  its 
own  motion.  The  original  noith  and 
south  winds  are  thus  deviated  from 
their  primitive  directions,  and  made 
to  blow  more  or*  less  from  the  east- 
ward, so  that  the  combined  effects  of 
the  unequal  heating  and  of  the  more- 
ment  of  rotation  is  to  generate  in  the 
northern  hemisphere  a  constant  north- 
east wind,  and  in  the  southern  hemi- 
sphere an  equally  constant  south-east  wind.- 
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In  tl^  same  manner  the  npi)ei'  or  return  current  is  subject  to  a 
cbtnge  of  direction  in  the  reverse  order ;  the  rapidly  moving  wind  of 
the  tropics,  transferred  laterally  towards  the  poles,  is  soon  found  to 
Uarel  finster  than  the  eaiUi  beneath  it,  producing  the  effect  of  a 
weiiterlj  wind,  which  modifies  the  primary  current. 

The  re^cularity  of  the  trade-winds  is  much  interfered  with  by  the 
neighbourhood  of  large  continents,  which  produce  local  etfects  upon  a 
scale  sofficiently  great  to  modify  deeply  the  direction  and  force  of  the 
via  J.  This  is  the  case  in  the  Indian  Ocean.  They  usually  extend 
firom  about  the  2Sth  degi-ee  of  latitude  in  both  hemispheres  to  within 
SP  of  the  equator,  but  are  subject  to  ^some  vaiiatious  in  this  resj^ect. 
Between  them,  and  also  beyond  their  buundaries,  lie  belts  of  calms  and 
fight  Tariable  winds ;  and  beyond  tliese  latter,  extending  into  higher 
luiiodes  in  both  hemUpheies,  westerly  winds  usually  prevail.  The 
general  direction  of  the  tiaJe-wind  of  the  Northeiii  hemisphere  is 
K.K.E.J  and  that  of  the  Southern  hemisphere  E.S.E. 

The  trade-winds,  it  may  be  reraau  ked,  furnish  an  admimble  physical 
proof  of  the  reality  of  the  earth's  movetnent  of  rotation. 

The  theory  of  the  action  of  chimneys,  and  of  natural  and  artificial 
ventilation,  belongs  to  the  same  subject. 

Let  the  reader  tuni  to  the  demonstmtion  given  of  the  Archimedean 
hydrosbitic  theorem :  let  him  once  more  imagine  a  body  immei-sed  in 
water,  and  having  a  density  equal  to  that  of  the  water;  it  will  remain 
in  equilibiio  in  any  p:irt  benesith  the  surface,  and  for  these  reasons: — 
The  force  which  pi-esses  it  downwards  is  the  weight  of  the  body  added 
to  tlie  weight  of  the  column  of  wateT  above  it ;  the  force  which  presses 
it  upwards  is  the  weight  of  a  column  of  water  equal  to  the  height  of 
both  conJ4>ined ;  — the  density  of  the  body  is  that  of  water,  that  is,  it 
weighs  as  much  as  an  equal  bulk  of  that  liquid  ;  consequently,  the 
downward  and  npwaid  forces  are  equally  balanced,  and  the  body  re- 
mains at  rett. 

Next,  let  the  circumstances  be  altered ;  let  the  body  be  lighter  than 
an  equal  bulk  of  water;  the  picBsui'e 
upwards  of  the  column  of  water  a  c,  is 
no  longer  compensated  by  the  downward 
pnssare  of  the  ooiresponding  column,  of 
Mulid  and  water  above  it;  the  former 
force  prepunderates,  and  the  body  is 
drivGD  upwards.  11^  on  the  contrary, 
tire  body  be  sp«>cifically  heavier  than 
water,  then  the  latte/  force  has  the  as- 
oendaocy,  and  the  body  sinks. 

All  things  so  deteribeJ  exist  in  a  com- 
moD  chimney:  the  solid  body,  of  the 
nme  density  as  that  of  the  fluid  in  which 
it  floats,  is  i-ei>rese:ite<t  by  the  air  in  the 
ghimnpy-funnel ;  the  space  a  b  repi'esents  the  whole  atmosphere  above 
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it.  When  the  air  inside  and  out&tde  the  chimney  is  at  the  same  tem- 
perature, equilibrium  takes  place,  because  the  downward  tendency  of 
the  air  within  is  counteracted  by  the  upward  pressure  of  that  withoat. 

Now,  let  the  chimney  be  heated ;  the  air  suffei's  expansion,  and  a 
portion  is  expelled  ;  the  chimney  thei-efore  contains  a  smaller  weig^ht 
of  air  than  it  did  before ;  the  external  and  internal  columns  no  longer 
balance  each  other,  and  the  warmer  and  lighter  air  is  forced  upwarda 
from  below,  and  its  place  supplied  by  cold  air.  If  the  brick -work, 
or  other  material  of  which  the  chimney  is  constructed,  retain  its 
temperature,  this  second  portion  of  air  is  disposed  of  like  the  first, 
and  the  ascending  current  continues,  so  long  as  the  sides  of  the  chimney 
are  hot'er  than  the  surrounding  air. 

Sometimes,  owing  to  sudden  changes  of  temperature  in  the  atmo- 
sphere, the  chimney  may  happen  to  be  colder  than  the  air  about  it. 
The  column  within  forthwith  suiTers  contraction  of  volume;  the 
deficiency  is  filled  up  from  without,  and  the  column  becomes  heavier 
than  one  of  similar  height  on  the  outside;  the  result  is,  that  it  fiills 
out  of  the  chimney,  just  as  the  heavy  body  sinks  in  tlie  water,  and 
has  its  place  occupied  by  air  from  above.  A  descending  current  is  thus 
produocxl,  which  may  be  often  noticed  in  the  summer  time  by  the 
smoke  from  neighbouring  chimneys  finding  its  way  into  rooms,  which 
have  been  for  a  considerable  period  without  fire. 

The  ventilation  of  mines  has  long  been  conducted  upon  the  same 
principle,  and  more  recently  it  has  been  applied  to  dwelling-houses  and 
assembly-rooms.  The  mine  is  furnished  with  two  shafts  or  with  one 
shaft  divided  throughout  by  a  diaphragm  of  boards ;  and  these  are  ao 
arranged,  that  air  forced  down  the  one  shall  traverse  the  whole  extent 
of  the  workings  before  it  escapes  by  the  other.  A  fire  kept  up  in  one 
of  these  shafts,  by  rarefying  the  air  within,  and  causing  an  ascending 
current,  occasions  fresh  air  to  traverse  eveiy  part  of  the  mine,  and 
sweep  before  it  the  noxious  gases  but  too  frequently  present, 

OONDUCTIOK  OP  HEAT, 

Different  bodies  possess  very  different  conducting  powers  with  respect 
to  heat:  if  two  similar  rods,  the  one  of  iron  the  other  of  glass,  be 
held  in  the  flame  of  a  spirit-lamp,  the  iron  will  soon  become  too  hot  to 
be  touched,  while  the  glass  may  be  grasped  with  impunity  within  an 
inch  of  the  red-hot  portion. 

Experiments  made  by  analogous,  but  more  accurate  methods,  hare 
established  a  numerical  comparison  of  the  conducting  powen  of  many 
bodies ;  the  following  may  be  taken  as  a  specimen  :— 


Silver    . 

.     1000 

Steel 

116 

Copper 

736 

Lead 

85 

Gold      . 

.       532 

Platinum. 

84 

Brass 

236 

German  silver 

63 

Tin 

.       145 

Bismuth  « 

18 

Jron 

119 
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Ai  a  class  the  metals  are  b^  very  &r  the  best  conductors,  although 

UBcfa  difference  exists  between  them ;  stones,  dense  woods,  and  charcoal 

follow  next  Id  order ;  then  liquids  in  general  and  gases,  whose  con* 

ducting  power  is  almost  inappieciable. 

Under  fiiToarable  circumstances,  nevertheless,  both  liquids  and  gases 
uaj  become  rapidly  heated :  heat  applied  to  the  bottom  of  the  oon- 
tuning  vessel  is  very  speedily  communicated  to  its  contents :  this, 
however,  is  not  so  much  by  conduction  as  by  convection,  or  carrying. 
A  complete  drculation  is  set  up;  the  portions  in  contact  with  the 
bottom  of  the  vessel  get  heated,  become  lighter,  and  rise  to  the  sur&ce, 
and  in  this  way  the  heat  becomes  communicated  to  the  whole.  If 
these  movements  be  prevented  by  dividing  the  vessel  into  a  great 
nmnber  of  compartments,  the  r^ly  low  conducting  power  of  the 
snbstanoe  is  made  evident ;  and  this  is  the  reason  why  certain  organic 
fisbricSy  as  wool,  silk,  feathers,  and  porous  bodies  in  general,  the  cavities 
of  wbich  are  fall  of  air,  exhibit  such  feeble  powers  of  conduction. 

The  circulation  of  heated  water  through  pipes  is  now  extensively 
applied  to  the  warming  of  buildings  and  conservatories,  and  in  chemisal 
works  a  serpentine  metal  tube  containing  hot  oil  is  often  used  for  heat- 
ii^  stalls  and  evaporating  pans :  the  two  extremities  of  the  tube  are 
emnected  with  the  ends  of  another  spiral  built  into  a  small  furnace  at 
a  lower  level,  and  an  unintermitting  circulation  of  the  liquid  takes 
place  as  long  as  heat  is  applied. 

CHANQC  or  8TATBU 

Solid  bodies  when  heated  are  expanded ;  many  are  liquefied,  t.^.,  they 
fuse.  The  fusion  of  solids  is  frequently  preceded  by  a  gradual  soflen- 
ing,  more  specially  when  the  temperature  approaches  the  point  of 
fttSBCKi.  This  phenomenon  is  observed  in  the  case  of  wax  or  iron.  In 
the  case  of  other  solids— of  zinc  and  lead,  for  instance — and  several  other 
metals,  this  softening  is  not  observed.  Generally,  bodies  expand  during 
the  process  of  fusion ;  an  exception  to  this  rule  is  water,  which  expands 
during  freezing  (10  vol.  of  water  produce  nearly  11  vol.  of  ice),  while 
ice  when  fusing  produces  a  proportionately  smaller  volume  of  water. 
The  expansion  of  bodies  during  fusion,  and  at  temperatures  preceding 
fonoo,  or  the  contraction  during  solidification  and  further  refrigeration, 
is  very  unequal.  Wax  expands  considerably  before  fusing,  and  com- 
pantivdy  little  during  fusion  itself.  Wax,  when  poured  into  moulds, 
tills  them  perfectly  daring  solidification,  but  afterwards  contracts  con- 
siderably. Stearic  acid,  on  the  contrary,  expands  very  little  before 
fusion,  but  rather  considerably  during  fusion,  and  consequently  pure 
stearic  acid  when  poured  into  monlds  solidifieB  to  a  rough  porous 
mass,  contracting  Httle  by  further  cooling.  The  addition  of  a  little 
wax  to  stearic  acid  prevents  the  powerful  contraction  in  the  moment  of 
soUdificatioo,  and  renders  it  more  fit  for  being  moulded. 

Daring  fusion  bodies  absorb  a  certain  quantity  of  heat,  which  is  not 
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indicated  by  the  theimometer ;  nt  a  giren  temperature — the  fu«n|;r 
poiDt,  for  instADce —  a  certain  weight  of  substance  contains  when  solkl 
leas  heat  than  when  liquid. 

If  equal  weights  of  water  at  32°  (0^  and  water  at  174«*(78°-8C) 
be  mixed,  the  temperature  of  the  mixture  will  be  the  mean  of  the  two 
temperatures,  or  103**  (39®*4C).  If  the  same  experiment  be  repeated 
with  snow  or  finely- powdered  ice,  at  32°  (O^C)  and  water  at  174° 
(78°  8C),  the  temperature  of  the  whole  will  be  only  32°  C^^Ot  ^«^ 
the  ic€  Kill  hare  been  melted. 

1  lb.  of  water  at  32°  (0°C)         \   _  «  lb  water  at  103°  f39<'-4C^ 
llh.ofwateratl74°i7a°-8C)   /    --« io- water  at  lOo    {Hy    4C; 

1  lb.  of  ire  at  32°  (0°C)  \   _  9  lb  water  at  32°  rO°C^ 

1  lb.  of  water  at  174°  (78°-8C)  /   -  ^^^'  ^**®^  "  ^^^    ^"  ^^ 

In  the  last  experiment,  therefore,  as  much  heat  has  been  apparently 
loet  as  would  have  raised  a  quantity  of  water  equal  to  that  of  the  ioe 
through  a  range  of  142°  (78°-8C). 

The  heat,  thus  become  insensible  to  the  theimometer  in  ejecting  the 
liquefaction  of  the  ice,  is  cnlled  latent  heat,  or  better,  heat  of  fluidity. 

Again,  let  a  perfectly  uniform  source  of  heat  be  imagined,  of  such 
intensity  that  a  pound  of  water  placed  over  it  would  have  its  tempem- 
tme  raised  10°  (o°-5C)  per  minute.  Staiting  with  water  at  32°  rO°C\ 
in  rather  more  than  14  minutes  its  temperature  would  have  risen  142^ 
(78° -80)  ;  but  the  same  quantity  of  ice  at  32°  (0°C),  exposed  for  the 
same  interval  of  time,  would  not  have  its  temperature  raised  a  single 
«legree.  But,  then,  it  \yon\d  have  become  water ;  the  heat  received 
would  have  been  exclusively  employed  in  effecting  the  change  of  state. 

This  heat  is  not  lost,  for  when  the  water  freezes  it  is  again  evolved. 
If  a  tall  jar  of  water,  covered  to  exclude  dust,  be  placed  in  a  situation 
where  it  shall  be  quite  undisturbed,  and  at  the  same  time  exposed  to 
great  cold,  the  temperature  of  the  water  may  be  i-educed  10°  or  more 
below  its  freezing  point  without  the  formation  of  ice  ;*  but  then,  if  a 
little  agitation  be  communicated  to  the  jar,  or  a  grain  of  sand  dropped 
into  the  water,  a  portion  instantly  solidifies  and  the  temperature  of 
the  whole  rises  to  32°  (0°C) ;  the  heat  disengaged  by  the  freezing  of 
a  small  portion  of  the  water  will  have  been  sufficient  to  raise  the 
whole  contents  of  the  jar  10°  (5°*5C). 

This  curious  condition  of  instable  equilibrium  shown  by  the  very 
cold  water  in  the  preceding  experiment,  may  be  reproduced  with  a 

*  FusHl  bodies,  when  cooled  dovm  to  or  below  tbetr  fiistng  point,  fyeqnently 
remain  liquid,  more  especially  when  not  In  contact  with  solid  bodies.  Thnc, 
water  in  a  nitxtare^  ot  oil  of  almonds,  and  chloroform  of  spocJIflc  gravity 
equal  to  its  own,  remains  liquid  to  14^  F.  (-10^):  In  a  similar  manner  fused 
sulphur  or  phuq;)horufi,  floating  In  a  solution  of  dilorlde  of  sine  of  appropriate 
ooncenuration.  reudn  the  llouid  condition  at  temperatures  709  F.  (40<^  below 
their  fnsInK  point  Liquid  bodies,  thus  cooled  below  their  fusing  point,  ft'e- 
quently  solidify  when  toudied  with  a  solid  substance,  invariably  when  brought 
in  contact  with  a  fragment  of  the  same  body  in  the  solid  condition. 


*nrieCf  of  solufiobB  which  tend  to  crystallixe  or  solidify,  but  in  which 
that  duuge  is  for  a  while  tivpended.  Tlius,  a  solution  of  crystalliaod 
9iil|4iate  of  soda  ia  its  own  weight  of  warm  water,  left  to  cool  in  an 
open  t«skI,  deposits  a  lai^  quantity  of  t3ie  salt  in  crystals.  If  the 
wann  solntioii,  however,  be  filtered  into  a  clean  Aukfwhich  when  fnll 
is  sfcnrelj  cortoed  and  set  aside  to  cool  undisturbed,  no  crystals  will  be 
deposited,  eren  after  many  days,  until  the  cork  is  withdrawn  and  the 
cootents  of  the  Dask  violently  shaken.  Crystallixation  then  rapidly 
takes  place  in  a  very  beautiful  mauuer,  and  the  whole  becomes  per^ 
ceptibly  warm. 

The  law  thuf  illuistrated  In  the  case  of  water  is  perfectly  general. 
WbeneTer  a  solid  becomes  a  liquid,  a  certain  fixed  and  definite  amount 
of  beat  disappears,  or  becomes  latent;  and  conrei^sely,  whenever  ii 
liquid  twcomes  a  solid,  heat. to  a  corresponding  extent  is  given  out. 
The  anxMint  of  latent  heat  vaiies  much  with  different  substances,  as 
will  be  seen  by  the  table: 


Water  •  .       142r'<78°-8C> 

145  (80  -sc; 

163    (90  -pC^ 


Snlphiir       .  145    (80  -SC) 


Zinc  .  4930  (273° -SC) 
Tin  .  500  (277  -70) 
BLsmuth    550    (305  -50) 

When  a  solid  substance  can  be  made  to  liquefy  by  a  weak  chemical 
attraction,  cold  results,  from  sensible  heat  becoming  latent.  This  is 
the  principle  of  the  paany  frigoriiTc  mixtni^es  to  be  found  described  in 
some  of  the  older  chemical  treatises.  When  snow  or  powdered  ice  is 
.mixed  with  common  salt,  and  a  thermometer  plunged  into  the  mass, 
the  mercniy  sinks  to  -0^  (~  17°'7C),  while  the  whole  after  a  short 
period  becomes  fluid  by  the  attraction  between  the  water  and  the  salt : 
soch  a  mixture  is  very  often  used  in  chemical  experiments  to  cool 
receivers  and  condense  the  vapours  of  volatile  liquids.  Powdered  crys- 
tallized chloride  of  calcium  and  snow  produce  cold  enough  to  freeze 
niercury.  Even  powdered  nitrate  of  potassa,  or  sal-ammoniac,  or 
nitrate  of  ammonia,  dissolved  in  water,  ooca»ions  a  very  notable  de> 
pression  of  temperature :  in  every  case,  in  short,  in  which  solution  is 
unaccompanied  by  energetic  chemical  action,  cold  is  produced. 

No  relation  is'  to  be  traced  between  the  actua>  melting-point  of  a 
substance,  and  its  latent  heat  when  in^a  fused  state. 

A  law  of  exactly  the  same  kind-as  that  described  affects  universally 
the  gaseous  condition ;  change  of  state  from  solid  or  liquid  to  gas  is 
accompanied  by  absorption  of  sensible  heat,  and  the  reverse  by  its 
disengagement.  Tlie  latent  heat  of  steam  and  other  vapours  may  be 
Moertaiied  by  a  similar  mode  of  investigation  to  that  employed  in  the 
caseof  water. 

When,  wjkter  at  32°  (0°C)  is  mixed  with  an  equal  weight  of  water 
at  2J2^  (lOO^C),  the  whole  is  found  to  possess  the  mean  of  the  two 
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temperatures,  or  122^  (50^) ;  on  the  oth«r  hand,  1  part  by  weight 
of  steam  at  2L2^  (lOO^C),  when  condensed  in  cokl  water,  is  found  to 
be'  capable  of  raising  5 '4  parts  of  the  latter  from  the  freezing  to  the 
boiling-point,  or  through  a  range  of  180°  (100°C>  Now  180  x  5*4  = 
972;  that  is  t8  say,  steam  at  212°  (100°C),  in  becoming  water  at 
212°,  parts  with  enough  heat  to  raise  a  weight  of  water  equal  to  its 
own  (if  it  were  possible)  972°  (540°C),  of  the  thermometer.  When 
water  passes  into  steam,  the  same  quantity  of  sensible  heat  becomes 
latent.  .  . 

The  vapours  of  other  liquids  seem  to  have  less  latent  heat  than  that 
of  water,  The  following  table  is  by  Dr.  Th.  Andrews,  and  serves  well 
to  illustrate  this  point :— » 


F. 

C. 

Vapour  of  water    .            , 

.    964°-6 

535° -90 

» 

alcohol 

364  -5 

202  -40 

It 

ether    , 

.     163 

90  '45 

,» 

oxalic  ether 

131 

72   '72 

>, 

acetic  ether 

.     167 

92  -68 

tf 

iodide -of  ethyl 

84 

46  '87 

f» 

pyroxylic  spirit  . 
bisulphide  of  carbon 

.    474  '75 

263  '70 

)» 

156 

86  -67 

»f 

bichloride  of  tin 

.       55 

30  -35 

»> 

bromine    • 

82 

45  '66 

»> 

oil  of  turpentine 

.     133   '2 

74  '03 

Ebullition  is  occasioned  by  the  formation  of  babbles  of  vapour 
within  ^e  body  of  the  evaporating  liquid,  which  rise  to  the  surface 
like  bubbles  of  permanent  gas.  This  occurs  in  different  liquids  at  revj 
different  temperatures.  Under  the  same  circumstances,  the  boiling-- 
point is  quite  constant,  and  often  becomes  a  physical  character  of  great 
importance  in  distinguishing  liquids  which  much  resemble  each  other. 
A  few  cases  may  be  cited  in  illustration ;— - 


Substance, 

Boiling-point. 

Aldehyde          •            • 

,      69° 

•4     (20° -80) 

Ether 

94 

•8     (34  -90) 

Bisulphide  of  carbon 

.     115 

(46  'IC) 

Alcohol       « 

173 

(78   '40) 

Water 

.    212 

(100  C) 
(120  C) 

Nitric  acid,  strong  . 

248 

Oil  of  torpentine          • 

.    314 

(157  C) 

Sulphuric  acid        . 

620 

(326    -60) 

Mercury           •            • 

.     662 

(350  C) 

For  ebullition  to  take  place,  it  is  necessary  that  the  elasticity  of  the 
vapour  should  be  able  to  overcome  the  cohesion  of  the  liquid  and  the 
pressure  upon  its  sur&ce;  hence  the  extent  to  which  Uie  boiling-point 
may  be  modified. 
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Water,  under  the  tiBnal  pressure  of  the  atmosphere,  boils  at  212° 
nOCPC):  in  a  pnrtiallj-exhausted  receiver  or  on  a  mountain-top  it 
loUs  at  a  mnch  lower  temperature:  and  in  the  best  Yacuum  of  an 
eioellent  air-pump,  oyer  oil  of  vitriol,  \rhicb  absorbs  the  vapour,  it 
will  often  enter  into  violent  ebullition  whQe  ioe  is  in  the  act  of  forming 
apon  the  anrface. 

On  the  other  hand,  water  confined  In  a  very  strong  metallic  vessel 
naj  be  restrained  from  boiling  by  the  pressure  of  ita  own  vapour  to 
an  almost  unlimited  extent;  a  temperatui-e  of  350°  (177°C)  or  400° 
(204^HI^  is  very  easily  obtained ;  and,  in  fact,  it  ia  said  that  it  may  be 
made  red-hot,  and  yet  retain  its  fluidity. 

There  ia  a  veiy  simple  and  beautiful  experiment  illustrative  of  the 
effect  of  diminished  pressure  in  depressing  the  boiling-point  of  a  liquid. 
A  little  water  is  made  to  boil  for  a  few  minutes  in  a  Hask  or  retort 
placed  over  a  lamp,  until  the  air  has  been  chased  out,  and  the  steam 
Bsoes  freely  from  the  neck.  A  tightly-fitting  cork  b  then  inserted,  and 
the  lamp  at  the  same  moment  withdrawn.  When  the  ebullition  ceases, 
it  may  be  renewed  at  pleasure  for  a  considerable  time  by  the  affusion 
of  oold  water,  which,  by  condensing  the  vapour  within,  occasions  a 
partial  vacuum. 

The  natuie  of  the  vessel,  or,  rather,  the  state  of  its  surface,  exercises 
an  influence  upon  the  boiling-point,  and  this  to  a  much  greater  extent 
than  was  formerly  supposed.     It  has  long  been  noticed  that  in  a 
metalUc  vessel  water  boils,  under  the  same  circumstances  of  pressure, 
at  a  temperature  one  or  two  degrees  below  that  at  which  ebullition 
takes  place  in  glass ;  but  it  has  lately  been  shown  *  that  by  particular 
management  a  much  greater  difference  can  be  observed.    If  two  similar 
glass  flasks  be  taken,  the  one  coated  in  the  inside  with  a  film  of  shellac, 
and  the  other  completely  cleansed  by  hot  sulphuric  acid,  water  heated 
over  a  lamp  in  the  first  will  boil  at  211°  (99°*  40),  while  in  the 
second  it  will  often  rise  to  221°  (105°C)  or  even  higher;  a  momentary 
burst  of  vapour  then  ensues,  and  the  thermometer  sinks  a  few  degrees, 
after  which  it  rises  again.     In  this  state,  the  introduction  of  a  few 
metallic  filings,  or  angular  fragments  of  any  kind,  occasions  a  lively 
disngagementof  vapour,  while  the  temperature  sinbi  to  212°  (100°C), 
and  Uiere  remains  stationary.    These  remarkable  effects  must  be  attri- 
buted to  an  attraction  between  the  surface  of  the  vessel  and  the  liquid. 
When  out  of  contact  with  solid  bodies,  liquids  not  only  solidify  with 
reluctance,  hut  also  assume  the  gaseous  condition  with  greater  difB- 
colty.     Drops  of  water  or  of  aqueous  saline  solutions  floating  on  the 
contact-surface  of  two  liquids,  of  which  one  is  heavier  and  the  other 
lighter,  may  be  heated  from  18  to  36  degrees  F.  (from  10  to  20  degrees 
C)  above  the  ordinary  boiling  point ;  explosive  ebullition,  however,  is 
iottantaneoasly  induced  by  contact  with  a  solid  substance. 
A  cubic  inch  of  water  in  becoming  steam  under  the  ordinary  pressure 
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of  the  atmosphere  expands  ioto  1696  cubic  incbest  or  nearly  a  •oii'bic 
foot. 

Steam,  not  m  contact  vith  water,  is  affected  hj  heat  in  precisely  the 
.rame  manner  as  the  permanent  gases ;  tts  rote  of  expansion  and  increase 
of  elastic  force  are  the  same.  When  water  is  present,  the  rise  of  tern* 
perafure  increases  the  quantity  and  density  of  the  steam,  and  hence  the 
elastic  force  increases  in  a  far  more  rapid  proportion. 

This  elastic  force  of  steam  in  contact  with  water,  at  different  temp^ 
ratures,  has  been  very  carefully  determined  by  MM.  Arago  and  Dulong^ 
and  lately  by  M.  Magnus  and  M.  Regnault.  The  foixx  is  expressed 
in  atmospheres:  the  abiwlute  pressure  upon  any  given  surface  can  be 
easily  calculated,  allowing  14*6  lb.  per  square  inch  to  ench  atmosphere. 
The  experiments  were  carried  to  twenty-five  atmospheres ;  at  which 
^int  the  difHcuIties  and  danger  became  so  great  as  to  put  a  stop  to  the 
inquiry :  the  rest  of  the  table  js  the  result  of  calculations  founded  oo 
the  data  so  obtained. 


sure  of  steam     Corresponding 
atmospheres.       temperature. 
F.        C. 

1 

.     2120  looo 

1-5 

234 

112-2 

2       . 

.     251 

121-6 

2-5 

264 

128-8 

3       . 

.     ?75 

135 

3-5 

285 

140-5 

4      . 

.     294 

145-5 

4-5 

300 

148-8 

5      . 

:    308 

153-3 

5-5 

314 

156-6 

6      . 

•  .     320 

160 

6-5 

326 

163-3 

7      . 

.     332 

166-6 

7-5       , 

337 

169-4 

8      . 

.     342 

172-2 

9 

351 

177-2 

10      . 

.     359 

181-6 

11 

367 

186  1 

12      . 

.     374 

190 

nre  of  steam 
tmospheres. 

CoihvspondiDir 
tempcaature. 
F.       C. 

13. 

381° 

193^-9 

14       . 

387 

197   -2 

15  . 

393 

200   -5 

16       . 

398 

203   -3 

17. 

404 

206   '6 

18 

409 

209    '4 

19. 

414 

212   -3 

20       . 

418 

214  '4 

21. 

423 

217   -2 

22       . 

427 

219   -4 

23. 

431 

221    '6 

24      . 

436 

224   -4 

25. 

439 

226   -1 

30       , 

457 

.236    a 

35. 

473 

245 

40 

487 

252   •? 

45. 

491 

255 

50       . 

5U 

266   *I 

It  is  a  very  remarkable  fact,  that  the  latent  heat  of  steam  diminishet 
as  the  temperature  of  the  steam  rises,  so  that  equal  weights  of  steam 
thrown  into  cold  water  exhibit  nearly  the  same  heating  power,  although 
the  actual  temperature  gf  the  one  portion  may  be  212°  (100°C),  and 
that  of  the  other  350°  (176°-6C)  or  400°  (204°-4C).  This  also 
Appears  true,  with  temperatures  below  the  boilmg-polnt;  so  that» 
it  i^ems,  to  evaporate  a  given  quantity  of  water  the  same  ab^Me 
amount  of  heat  is  required,  whether  it  be  performed  slowly  nt  the 
temperature  of  the  air  in  t^  mannf  r  prosently  to  be  noticed,  or  whether 
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it  be  boiled  off  under  the  pressare  of  twenty  atinospheres.  Jt  -is  for 
this  reason  that  the  process  of  distillation  in  vacuo  at  a  temperature 
wbich  the  hand  can  hesar,  so  advantageoos  in  other  respects,  can  eliect 
DO  direct  saying  in  fuel.* 

The  economical  applications  of  steam  are  numerous  and  extremely 
raloable :  they  may  be  divided  into  two  classes :  those  in  which  the 
hating  power  is  employed,  and  those  in  which  its  elastic  force  is 
hrooght  into  use. 

The  value  of  steom  as  a  source  of  heat  depends  upon  tbe  iacility 
with  which  it  may  be  conveyed  to  distini  pcitiu,  an  I  upon  the  large 
amount  of  latent  heat  it  contains,  which  is  disengaged  in  the  act  of 
cocwlenflation.     An  invariable  tempera- 
■ture  of  212°  (100°C),  or  higher,  mny  ^'9-  33. 

be  kept  np  in  the  pipes  or  other  vessels 
in  which  the  steam  is  contained  by  the 
expenditure  of  a  veijy  small  quantity  of 
the  latter.  Steam-baths  of  various 
forms  are  used  in  the  arts  with  gi'eat 
ooorenience,  and  also  by  the  scientific 
<Aemist  for  drying  filters  and  other 
objects  where  excessive  heat  would  be 
hurtful :  a  very  good  instrument  of 
the  kind  was  contrived  by  Mr.  Everitt. 
It  is  merely  a  small  kettle,  surmounte<i 
by  a  double  box  or  jacket,  into  which 
the  substance  to  be  dried  is  put,  and  loosely  covered  by  a  card.  The 
apparatus  is  placed  over  a  lamp,  and  may  be  left  without  attention  for 
many  hours.  A  little  hole  in  the  side  of  the  jacket  gives  vent  to  the 
excess  of  steam. 

The  principle  of  the  steam-engine  may  be  described  in  a  few  words  : 
its  mechanical  details  do  not  belong  to  the  design  of  the  present 
volume.  The  machine  consists  essentially  of  a  cylinder  of  metil  a, 
in  which  a  cloKely-Btting  solid  piston  works,  the  rod  of  which  passes, 
air-tight,  through  a  stuffing-box  at  the  top  of  the  cylinder,  and  is  con- 
nected with  the  machinery  to  be  put  in  motion,  directly,  or  by  the 
intervention  of  an  oscillating  beam.  A  pipe  communicates  with  the 
interior  of  the  cylinder,  and  also  with  a  vessel  surrounded  with  cold 
water,  called  the  condenser,  marked  6  in  tbe  sketch,  and  into  which  a  jet 

*  Tbe  propositidn  In  the  text,  of  tbe  sum  of  the  latent  and  sensible  heats  of 
steam  befog  a  constant  cjuantlty,  to  known  by  the  name  of  Watt'n  law,  having 
bepn  deduced  by  that  illiutrioas  man  from  experiments  of  his  own.  It  has 
atvM's  agreed  well  with  the  roagb  practical  results  obtained  by  engineers,  but 
has  lately  been  proved  by  Regnault  s  most  perfect  experinients  to  be  only  ap- 
proxtmaiety  true.  According  to  Regnault,  tbe  vapour  of  water  at  tbe  tempera- 
ture of  melting  Ico  contains  1091'?^  of  latent  neat,  and  the  total  heat  that 
vApotfr  contains  at  temperatares  above  this  may  be  expressed  by  the  formula 
T'- 1091*7  +  i>306  (t  —  33).  Hence  it  increases  appreciably  with  the  tern- 
pentaie  and  at  212°  amounts  to  as  much  as  1 146°  * «.       . 


ef  cold  Water  ou  st  plounre  be  introdDMd. 
tnent.ihawaalc,  aerva  toDpeaacoi 
the  cylinder,  ami  the  ejlioder  and  tt 


..hile  the  staun  is  allowed  to 
■^  presi  with  ell  its  forc«  upon  one 

■ide  of  the  piaton,  the  other,  open 
to  the  condenter,  ia  aecensrily 
TBcuDui.  The  Talre  i<  shifted 
bj-  the  engine  itself  it  the  proper 
momenl,  so  that  the  piston  ii 
alteroatclf  driren  bj  the  ateam 


the  engnring,  ii  connected  with 
the  coDdenser,  uid  aervea  to  re> 
more  buj  atr  that  may  enter  the 
Cjlinder,  and  alao  (he  water  pro- 
duced l>]r  condenn^on,  together 
with  that  which  maj  have  been 

den^ng  ateain^ngine.     la  what 

ii  ailed  Ibe  high-preuure  engine 

the  condenier  and  air-pump  are 

■uppreaied,  and    the    ateani    ia 

allowed  to  escape  at  once  fron) 

thqcf  Under  into  the  almosphere. 

It  ia  obviouj  that  in  thi>  arrange- 

nwDt  the   atenm  has   to  oTer- 

conte  the  whole  preasure  of  tbe 

air,  and  a  much  greater  elastic 

foi'ce  is  required  to  pmluce  the 

aome  eflect;    but   this  is  to  a 

very  great  eit<Dt  conipeDiated 

hj  the  absence  of  the  air-pnmp  and  the  increased  simplicity  of  the 

whole  machine.     Large  engines,  both  ou  shore  and  in  aleam-thips,  are 

nsuall;  construcled  on  the  condensing  principlei  the  jlressure  seldom 

ejceeding  six  or   leren  pounds  per  square  inch  above  that  of  tbe 

atmosphere ;   for  small  engines  the  high-preiauTS  plan  is,  perhaps, 

preferable,     Locomatiie  engines  arc  of  this  kind. 

A  peculiar  niodificatioD  of  the  steam-engine, em  ployed  in  Cornwall, for 
draining  the  deep  mines  of  that  county,  is  now  getting  into  use  elsewhere 
for  other  purposes.  In  thismncbineeconomy  of  fuslis  carried  to  s  moat 
extraordinary  extent,  engines  haring  been  known  topertbim  the  duiyot 
raising  more  than  100,000,000  Ih.  of  water  one  fool  high  by  the  con- 
sumption of  a  single  boshel  oi  coals.  The  endues  arc  single-acting,  the 
down-stroke,  which  is  Blade  igninst  a  lacuum,  being  the  effective  OM^ 
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lod  emplojed  to  lift  the  enormoua  weight  of  the  pamp-rods  in  the  shaft 
of  the  miDe.  When  the  piston  reaches  the  bottom,  the  communication 
both  with  the  boiler  and  the  condenser  is  cut  off,  while  an  equiHbriuni- 
vake  is  opened  connecting  the  upper  and  lower  extreicities  of  the  cy- 
linder, wfaereapon  the  weight  of  the  pump-rods  draws  the  piston  to  the 
topai^  makes  the  np-stroke.  The  engine  is  worked  expansively,  as  it 
is  tenned,  steam  of  high  tension  being  employed,  which  is  cut  off  at 
wc-e^th  or  eren  one-tenth  of  the  stroke. 

The  process  of  distillation,  which  may  now  be  noticed,  is  very 
simf^e;  its  object  is  either  to  separate  substances  which  rise  in  rapour 


Fig.Zi. 


at  different  temperatures,  or  to  part  a  volatile  liquid  from  a  substance 
iaeapable  of  Tolatilization.  The  same  process  applied  to  bodies  which 
pess  directly  from  the  solid  to  the  gaseous  condition,  and  the  reverse, 
is  called  tiMimation,  Every  distillatory  apparatus  consists  essentially 
of  a  boiler,  in  which  the  vapour  is  raised,  and  of  a  condenser,  in  which 
it  returns  to  the  liquid  or  solid  condition.  In  the  still  employed  for 
tnanafscturing  purposes,  the  latter  is  usually  a  spiral  metal  tube  im- 
mersed in  a  tub  of  water.  The  common  retort  and  receiver  constitute 
the  simplest  and  most  generally  useful  arrangement  for  distillation  on 
the  small  scale ;  the  retort  is  heated  by  a  lamp  or  a  charcoal  fire,  and 
the  receiver  is  kept  cool,  if  necessary,  by  a  wet  cloth,  or  it  may  be 
•oiTounded  with  ice.     (Fig.  35.) 

The  condenser  of  Baron  Liebig  is  a  very  valuable  instrument  in 
the  laboratory  ;  it  consista  of  a  glass  tube  tapering  from  end  to  end , 
fixed  by  perforated  corks  in  the  centre  of  a  metal  pipe,  provided  with 
tubes  so  arranged  that  a  current  of  cold  water  may  circulate  through 
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tlie  apparatus.  By  putting  a  few  pieces' of  ice  into  the  little  cistern, 
the  temperature  of  this  water  maybe  kept  at  32®  (0*'C),and  extremely 
volatile  liquids  condensed. 


Liquids  evaporate  at  temperatures  below  their  boiling-poiuta :  in 
this  case  the  erapoiation  taltes  jilace  slowly  from  the  surface.  Water, 
or  alcolioly  exposed  in  an  open  vessel  at  the  temperature  of  the  air, 
gradually  dries  up  and  disappears ;  the  more  rapidly,  the  warmer  and 
drier  the  air  above  it. 

This  fact  was  formerly  explained  by  supposing  that  air  and  gases  in 
general  had  the  |x>wer  of  dissolving  and  holding  in  solution  certain 
quantities  of  liquids,  and  that  this  power  increased  with  the  temjiera- 
tuie:  such  an  idea  is  incorrect. 

If  a  barometer-tube  be  carefully  filled  with  mercury  and  inverted  in 
the  usual  manner,  and  then  a  few  drops  of  water  passed  up  the  tube 
into  the  vacuum  above,  a  very  remarkable  effect  will  be  observed ; — 
the  mercury  will  be  depressed  to  a  small  extent,  and  this  depression 
will  increase  with  increase  of  tem{)erature.  Now,  as  the  space  above 
the  mercury  is  void  of  air,  and  the  weight  of  the  few  drops  of  water 
quite  inadequate  to  account  for  this  depression,  it  must  of  necessity  l>e 
imputed  to  the  vapour  which  instantaneously  nses  from  the  ViTiter  into 
the  vacuum ;  and  that  this  effect  is  really  due  to  the  elasticity  or  tension 
of  the  aqueous  vapour,  is  easily  proved  by  exposing  the  barometer  to  a 
heat  of  212**  (100°  C),  when  the  depression  of  the  meitsury  will  be  com- 
plete, and  it  will  sbmd  at  the  same  level  within  and  without  the  tube ; 
indicating  that  at  that  temperature  the  elasticity  of  the  vapour  is  equal 
to  that  of  the  atmosphere— a  fact  which  the  phenomenon  of  ebullition 
has  already  shown.    • 
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Fig.  31. 


Fig.  38. 


By  placing  orer  the  baromefer  a  wide  open  tube  dipping  into  the 
wftcoTX  beloVy  and  then  tilling  this  tube  with  water  at  different  tein- 
pfratunesy  the  tension  of  the  aquteus  vapour  for  each  d^ree  of  the 
iheriDoineter  may  be  accurately  deter- 
mined by  its  depressing  effect  upon 
tfe   inercurlai    column ;    the  same 
p&irer  which  forces  the  latter  <U)>cn 
«ie  ii«ch  against  the  pressure  of  the 
jteM>9i|iliere,  would  of  coui-se  elecate 
a  eofumn    of  mercury  to  the  saflie 
helgfat  sigainst  a  vacuum,  and  in  this 
way  the  f«ision  nmy  be  very  con- 
vCBii-DtlT  eilpreised.     The  following 
t43>le  was  drawn  up  by  Dr.  Dal  ton, 
t»  wlMxn  wre  owe  the  method  of  in-' 
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.     37-7 
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.     54*4 
.     60 
.     65-5 
.     71-1 
76-6 
82-2 
87-7 
93'3 
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Tension  in  inched 

of  mercury. 
.     0-200 
.     0-263 
.     0-375 
.     0-524 
.     0-721 
.     1000 
.     1-360 
.      1-860 
.     2*630 
.     3-330 
.     4-34 
.     5-74 
.     7-42 
.     9-46 
.    12-13 
..  15-15 
..  19-00 
.23-64 
.   3000 


u 


inother  table  representing  the  ten- 

^  of  the  vapour  of  water,  drawn 

lip  by  UegoAolt,  is  given  among  the 
til(^«ittbeeodofthework.. 

Other  Jiqaids  tried  in  thw  man- 
Off  are  foaad  to  emit  Tapoure  of 

iee  or  Ie»  tenaiaa,  for  the  sam6  temperature,  according  to  their 
??     t  Jeerees  of  volatility:  thus,  a  little  ether  introduced  into  the 

hl'd#Dre<«»   ***•    mercury  10  inches  or  more  at  the  oi-dinary  tcm- 
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perature  of  the  air ;  oil  of  Titriol,  on  the  other  hand,  does  not  emit  any 
sensible  quantitj  of  rapour  until  a  much  gi^eater  heat  is  applied  ;  and 
that  given  off  by  mercury  itself  in  warm  summer  weather,  althoagfa 
It  may  by  very  delicate  means  be  detected,  is  far  too  little  to  exercise 
any  effect  upon  the  barometer.  In  the  case  of  water,  the  eTapoiiiiioQ 
is  quite  distinct  and  perceptible  at  the  lowest  temperatures,  when  frosea 
to  solid  ice  in  the  biux>meter-tube :  snow  on  the  ground,  or  on  a  house* 
top,  may  often  be  noticed  to  vanish,  from  the  same  cause,  day  by  day 
in  the  depth  of  winter,  when  melting  is  impossible. 

There  ekists  for  each  vapour  a  stale  of  density  which  it  cannot  pass 
without  losing  its  gaseous  condition,  and  becoming  liquid  ;  this  point 
is  called  the  condition  of  maximum  density.    When  a  volatile  liquid  is 
introduced  In  suflSdent  quantity  into  a  vacuum,  this  condition  is  always 
reached,  and  then  eva|K>ration  ceases.   Any  attempt  to  increase  the  den^ 
sity  of  this  vapour  by  compressing  it  into  a  smaller  space  will  be 
attended  by  the  liquefaction  of  a  portion,  the  density  of  the  remainder 
beinff  unchanged.     If  a  little  ether  be  introduced  into  a  barometer,  and 
the  Utter  slowly  sunk  into  a  very  deep  cistern  of  mercury,  it  will  be 
found  that  the  height  of  the  column  of  mercury  in  the  tube  above  that 
in  the  cistern  remains  unaltered  until  the  upper  extremity  of  the 
barometer  approaches  the  surface  of  the  metal  in  the  column  and  all 
the  ether  has  become  liquid.     It  will  be  observed  also,  that,  as  the  tabe 
sink»,  the  little  stratum  of  liquid  ether  increases  in  thiclcness,  but  no  in* 
crease  of  elastic  force  occurs  in  the  vapour  above  it,  and,  consequent]  j, 
no  increase  of  density;  for  tension  and  density  are  always,  under  ordi- 
nary circumstances  at  least,  directly  proportionate  to  each  other  ia  the 
same  vapour. 

The  point  of  maximum  density  of  vapours  is  dependent  upon  the 
temperature ;  it  increases  rapidly  as  the  temperature  rises.  This  is 
well  shown  in  the  case  of  water.  Thus,  taking  the  specific  gravity  of 
atmospheric  air  at  212^  (lOO^C)  =  1000,  that  of  aqueous  vapour  in 
its  gi-eatest  possible  state  of  compression  for  the  temperature  will  be 
as  ml  lows: 

Temperatore.  Spedflc  gravity.     Weight  of  100  cable  Indies. 

F.  C. 

32°  0°.          .            5-690          .          0-136  grains, 

50  10  .           .     10-293  .           .     0-247      „ 

60  15-5          .          14-108          .          0-338      „ 

100  37-7  .     .  46-500  .     .  1-113  „ 

150  65-5    .    170-293     .    4-076   „ 

212  100  .    .  625-000  .    .  14-962  „ 

The  last  number  was  experimentally  found  by  M.  Gay-Lussac  •  the 
others  are  calculated  from  that  by  the  aid  of  Dr.  Dalton's  table  of 
tensions,  on  the  assumption  that  steam,  not  in  a  state  of  saturation, 
that  is,  below  the  point  of  greatest  density,  obeys  the  bw  of  Mariotte, 
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(which  is,  howerer,  ooly  approximately  trnei)  and  that  when  it  is 
CMlfld  it  cmtracts  like  the  pormaneDt  gases. 

Thus,  there  are  two  distinct  methods  hy  which  a  vapour  may  be 
ndnoed  to  the  liquid  form — pressure^  by  causing  increase  of  density 
until  the  point  of  maximum  density  for  the  particular  temperature  is 
icadted ;  and  cold,  by  which  the  point  of  maximum  density  is  itself 
iovcred.  The  must  powerful  effects  are  of  course  produced  when  both 
veeoDJoined. 

For  example,  if  100  cubic  inches  of  perfectly  transparent  and 
pseoos  rapaur  of  water  at  100°  (37^*70),  in  the  state  above  de- 
scribed, had  its  temperature  reduced  to  50°  (10°C),  not  less  than  0*89* 
pm.  of  fluid  water  would  necessarily  separate^  or  very  nearly  eight- 
tenths  of  the  whole. 

Erapoxation  into  a  space  filled  with  air  or  gas  follows  the  same 
kvasefaporatioa  into  a  vacuum :  as  much  vapour  rises,  and  the  con- 
dition of  maximum  densi^  is  assumed  in  the  same  manner,  as  if  the 
spsoewere  perfectly  empty ;  the  sole*  difference  lies  in  the  length  of 
time  requir^.  When  a  liquid  evaporates  into  a  vacuum,  the  point  of 
greatest  density  is  attained  at  once,  while  in  the  other  case  some  time 
dspses  before  this  happens :  the  particles  of  air  appear  to  oppose  a 
sort  of  mechanical  resistance  to  the  rise  of  the  vapour.  The  ultimate 
cffict  if,  however,  precisely  the  same. 

When  to  a  quantity  of  perfectly  dry  gas  confined  in  a  vessel  closed 
W  mercury,  a  little  water  is  added,  the  latter  immediately  begins  to 
ejvporate,  and  afler  some  time  as  much  vapour  will  be  found  to  have 
raen  from  it  aa  if  no  gas  had  been  present,  the  quantity  depending 
entirely  on  the  temperature  to  which  the  whole  is  subjected.  The 
tension  of  this  vapour  will  add  itself  to  that  of  the  gas,  and  produce  an 
expulsion  of  volume,  which  will  be  indicated  by  an  alteration  of  level 
in  the  mercury. 

Vapour  of  water  exists  in  the  atmosphere  at  all  times,  and  in  all 
atoatioDs,  and  there  plays  a  most  important  part  in  the  economy  of 
pstore.  The  proportion  of  aqueous  vapour  present  in  the  air  is  sub- 
J^  to  great  variation,  and  it  oilen  becomes  exceedingly  impoi-tant  to 
determine  its  quantity*  This  is  easily  done  by  the  aid  of  the  foregoing 
principles. 

If  the  aqueous  vapour  be  in  its  condition  of  greatest  possible  density 
for  the  temperature,  or,  as  it  is  frequently,  but  most  incorrectly 
expressed,  the  air  be  saturated  with  vapour  of  water,  the  slightest 
ndoction  of  temperature  will  cause  the  deposition  of  a  portion  in  the 
liquid  form.  If,  on  the  contrary,  as  is  almost  always  in  reality  the 
^^  the  vapour  of  water  be  beioio  its  state  of  maximum  density,  that 
is,  iu  an  expanded  condition,  it  is  clear  that  a  considerable  fall  of 
temperature  may  occur  before  liquefactiou  commeuoes.    The  degree  at 

*  IOOcqUc  Inches  auueons  vapour  at  100^  (37<^'7C),  weighing  1*113  HTStn, 
»0|iW  at  60°(looC)  bc'come  reduced  to  91 -u?  cubic  Inches,  weighing  0-225 
pun. 
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whii^  tlib  lukn  plan  i)  (sHfd  th«  iew-patat,  uid  it  it  ilFt«nntii#d 
wHb  great  Incility  by  a  nrr  nimpla  method.  A  little  cop  of  tbio  tin 
|date  or  itlver,  w«U  poliihej,  it  tilled  witb  water  at  th«  tempnulnra  oF 
tl»  air,  and  a  dtliivle  thermametn-  iDwrt«d.  The  vnler  ii  thtm 
ooaled  by  drap]iittg  in  fmgmFDts  of  ice,  or  diuoliiitg  in  it  powderad 

pcannn  on  the  outride,  dimming  the  bright  mrtnliic  turiacf.  The 
temperature  of  thp  dew-point  ii  tJien  read  off  upoa  the  tbennometer, 
aDd  compared  with  that  of  the  air. 

Suppose,  by  way  of  eiample.  that  the  latter  were  70°  (21<^1C). 

and  the  dew-poiDt  50°  (10^) ;  the  el»tieity  of  tbe  walrry  rapour 

pmeirt  would  oormpond  to  amaiiniuni  dniiity  jxoper  to  50°  (10°C), 

and  would  iupport  a  coliimn  of  mennr?  0':J7J  loch  high.     If  tlie 

WoToeter  on  the  (pot  atood  at  30  iochn,  therefore,  29'R25  inches 

would  bt  anpported  by  tbe  prewire  af  tbe  dry  air,  and  the  remaining 

i)-a75  inch  by  theTapour.     Kow  a  eubio  foot  of  such  a  miiture  moat 

be  looked  upon  u  rmide  up  of  a  cubic  foot  of  dry  air,  and  n  cubic  foot 

ffg  ff_         of  wat*ry  vapotir,  nonipyinf;  lie  «me  space,  and  hkv^ 

ing  Unsioiu  Indimted  by  the  DDmbert  jint  mantioiwd. 

A  cobic  foot,  OT  1T2S  cubic  incha  of  rnponr  at  70" 

(3I°-1C),  would  becoRMnduoed  by  aontnrtion,  accortl- 

ing  to  the  usual  law,  to  1663-8  cubic  inchee  at  50" 

(1U°C;;  thia  vapour  would  bonitamaiimuni  denaitj-, 

having  the  apecific  gTSvity  pointKt  out  in  the  table; 

hence   166S-B  cubic  inch»  woald  weigh  4-11  graimi.' 

The  weight  of  the  aqueoni  Tipoui  oontained  in  a  cnMc 

font  of  sir  will  thuibeaacertained.     In  (hie  couDtiJ  tbe 

difference  between  the  lempenture  of  the  air  and  th« 

dew-point  aeldom  readies  30°  (16'6C)  degiwa;  but  hi 

the  Dectan,  with  a  leroperatnre  of  W  (SlJ'-iiiy,  th« 

dew-point  tuu  been  wen  ai  low  as  29°  (— 1<^6C), 

making  the  di^rees  of  drfiiwa  61"  (33°-8C)-* 

Another  method  of  finding  the  proportjon  of  moittim 
present  in  the  nir  ii  to  observe  the  mpiditv  withwblcb 
eraporation  lakes  place,  an<l  which  is  always  in  Knne 
relation  to  the  degree  of  diynesa.  The  hulfa  of  a  ther- 
mnmeter  ia  covered  with  musliu,  and  kept  wet  with 
water ;  evaporation  produces  oold,  as  will  presently  be 
•em,  and  accordii^ly  the  themometer  aoon  sinks  below 

rest,  the  degree  is  noticed,  and  from  a  comparison  of  ttie 
two  temperatures  an  approiimalion  to  the  dew-point  can  be  obtained 
by  the  nid  of  a  mathematical  formula  contrived  for  the  purpose.  This 
is  called  the  wet-bulb  hygrometer:  it  is  ofUn  nude  in  the  manner 
shown  above,  where  one  thermometer  serves  Co  indimte  the  temperature 

•  Mr.  DuleD.  Inlmductlon  to  Chemical  FUloai^ihy,  p.  tSI. 
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•f  the  air,  and  the  other  to  shoir  the  rate  of  evaporatioo,  being  kept  w«t 
Ij  tt»  tiuead  in  connection  with  the  little  wat«r  reaenroir. 

Tlieperftct  resemblance  in  everj  respect  which  yapours  bear  to  per^ 
■■■ent  gases,  led,  very  naturally,  to  the  idea  that  the  latter  might,  by 
the  appljeatian  of  suitable  means,  be  made  to  assume  the  liquid  con- 
ditioo,  and  this  snrmiae  was,  in  the  hands  of  Mr.  Faraday,  to  a  great 
otoit  veriiied.  Out  of  the  small  namber  of  such  substances  tried,  not 
leis  Uten  eight  gm^e  way ;  and  it  is  quite  fiur  to  infer,  that,  had  means 
of  sufficient  power  been  at  hand,  the  rest  would  have  shared  the  same 
fitte,  and  proFed  to  be  nothing  more  than  the  vapours  of  volatile  liquids 
ia  a  state  rery  far  removed  from  that  of  their  maxim  nm  density.  The 
subjoined  table  represents  the  results  of  Mr.  Faraday's  tirst  investiga^ 
tnos,  with  the  pressure  in  atmoq>hereB,  and  the  temperature  at  which 
the  eondensatton  took  plaoe.'^ 

Atmospheres.  Temperatures. 


F. 

C. 

Sulphurous  acid 

2     . 

.    45«» 

70.2 

Sulpharetted  hydrogen    . 

17 

50 

10 

Carbonic  acid 

36     . 

.     32 

0 

Chlorine          ... 

4 

60 

15-5 

Kitrous  oxide 

50     . 

.     45 

7-2 

Cyanogen     * 

3-6 

45 

7-2 

Ammonia     . 

6-5 

.     50 

10 

Hydrochloric  add   . 

40 

50 

10 

The  method  of  proceeding  was  very  simple:  the  materials  were 
sealed  np  in  a  strong  narrow  tube,  together  with  a  little  pressure* 
gauge,  consisting  of  a  slender  tube  closed  at  one  end,  and  having 
vi^in  it,  near  tlie  open  extremity,  a  globule  of  mercury.    The  gas 


Fig.  40. 


l*ciQg  disengaged  by  the  application  of  heat  or  otherwise,  accumulated 
in  the  tube,  and  by  its  own  pressure  brought  about  condensation.  The 
force  required  ibr  this  purpose  wa^  juc^ed  of  by  the  diminution  of 
Tohfflie  of  the  air  in  the  gauge. 

Mr.  Faraday  has  since  resumed,  with  the  happiest  results,  the  sub- 
ject of  the  liquefaction  of  the  permanent  gases.  By  using  narrow  green 
^lasB  tubes  of  great  strength,  powerfully-condensing  syringes,  and  an 
citremely  low  temperature,  produced  by  means  to  be  presently  d^ 

<*  PhU.  Tnm&  for  1823,  p.  189. 
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seribed,  olefiant  gas,  hydriodic  and  hydrobromic  acids,  phosphoreited 
hydrogen,  and  the  gaseoas  fluorides  of  silicon  and  boron,  were  suooes* 
sive]y  liquefied.  Oxygen,  hydrogen,  nitrogen,  nitric  oxide,  carbonic 
oxide,  and  coal-gas,  refused  to  liquefy  at  the  temperature  of  —  166^ 
(^74^40)  while  subjected  to  pretisures  varying  in  the  different  cases 
m>m  27  to  58  atmospheres. 

Sir  isambard  Brunei,  and,  more  recently,  M.  Thilorier,  of  Paris, 
succeeded  in  obtaining  liquid  carbonic  acid  in  great  abundance.  The 
apparatus  of  M.  Thilorier  consists  of  a  pair  of  extremely  strong  metallic 
vessels,  one  of  which  is  destined  to  serve  the  purpose  of  a  retort,  and 
the  other  that  of  a  receiver.  They  are  made  either  of  thick  cast  iron 
or  gun-metal,  or,  still  better,  of  the  best  and  heaviest  boiler-plate,  and 
are  furnished  with  stop-cocks  of  a  peculiar  kind,  the  workmanship  of 
which  must  be  excellent.    The  generating  vessel  or  retort  has  a  pair  ot 


trunnions  upon  which  it  swings  in  an  iron  fi-ame.  The  joints  are  se- 
cured by  collars  of  lead,  and  every  precaution  taken  to  prevent  leakage 
under  the  enormous  pressure  the  vessel  has  to  bear.  The  receiver  re- 
sembles the  retort  in  every  respect ;  it  has  a  similar  stop-cock,  and  is 
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coBiiected  with  the  retort  hy  a  strong  copper  tube  and  a  pair  of  union 
Kiev-jomti;  a  tube  passes  from  the  stop-cock  downwards,  and  termi- 
nates nesir  the  bottom  of  the  vessel. 

The  operatioa  is  thus  conducted :  2f  lb.  of  bicarbonate  of  soda,  and 
6|  lb.  of  water  at  100^  (37°'7  C),  are  inti-oduced  into  the  generator ; 
«l  of  Titriol  to  the  amount  of  1^  lb.  is  poured  into  a  copper  cylindrical 
Teasel,  which  is  lowered  down  into  the  mixture,  and  set  upright ;  the 
rtop-oock  is  then  screwed  into  its  place,  and  forced  home  by  a  spanner 
and  ^mallet.  The  machine  is  next  tilted  up  on  its  trunnions,  that  the 
add  may  run  out  of  the  cylinder  and  mix  with  the  other  contents  of 
the  generator;  and  this  mixture  is  favoured  by  swinging  the  whole 
backwards  and  forwards  for  a  few  minutes,  after  which  it  may  be 
aofTered  to  remain  a  little  time  at  rest. 

The  receiver,  surrounded  with  ice,  is  next  connected  with  the  gene^ 
ntor,  and  both  cocks  opened ;  the  liquefied  carbonic  acid  distils  over 
into  the  colder  vessel,  and  there  again  in  part  condenses.  The  cocks 
ore  now  closed,  the  vessels  disconnected,  the  cock  of  the  generator 
opened  to  allow  the  contained  gas  to  escape;  and,  lastly,  when  the 
iBsae  of  gas  ha»  quite  ceased,  the  stop-t^ock  itself  is  unscrewed,  and  the 
salphate  of  soda  turned  out.  This  operation  must  be  repeated  five  or 
six  times  before  any  very  considerable  quantity  of  liquefied  acid  will 
have  accumulated  in  the  receiver.  When  the  receiver  thus  charged 
has  its  stop<cock  opened,  a  stream  of  the  liquid  is  forcibly  driven  up 
the  tube  by  the  elasticity  of  the  gas  contained  in  the  upper  part  of  the 
Teael. 

It  will  be  quite  proper  to  point  out  to  the  experimenter  the  great 
personal  danger  he  incurs  in  using  this  apparatus,  unless  the  utmost 
ore  be  token  in  its  management.  A  dreadful  accident  occurred  in 
Paris  by  the  bursting  of  one  of  the  iron  vessels. 

Liquid  carbonic  acid  is  also  very  frequently  prepared  by  means  of 
an  apparatus  constructed  by  M.  Natterer,  of  Vienna,  which  enables  the 
experimentalist  to  work  with  less  risk.  Carbonic  acid  disengaged  by 
means  of  sulphuric  acid  from  bicarbonate  of  potash,  is  pumped  by 
means  of  a  force  pump  into  a  wroughtriron  v«sel,  exactly  as  the  air 
is  pumped  into  the  receiver  of  an  air-gun.  When  a  certain  pressure 
has  been  reached,  the  carbonic  acid  is  liquefied,  and  if  the  pumping  be 
oontinoed  considerable  quantities  of  the  liquid  acid  may  be  thus  ob- 
tained. By  this  apparatus  nitrous  oxide  gas  has  been  condensed  to  a 
liquid  without  the  use  of  frigorific  mixtui'es. 

The  cold  produced  by  evaporation  has  been  already  adverted  to  r  it 
is  simply  an  effect  arising  ^om  the  conversion  of  sensible  heat  into 
latent  by  the  rising  vapour,  and  it  may  be  illustrated  in  a  variety  of 
ways.  A  little  ether  dropped  on  the  hand  thus  produces  the  sensation 
of  gnat  cold ;  and  water  contained  in  a  thin  glass  tube,  surrounded 
hf  a  bit  of  rag,  is  speedily  frozen  when  the  rag  is  kept  wetted  with 
ftber. 
Yfhea  a  little  water  is  pat  into  a  watch-glass,  supported  by  a  tri* 
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angle  of  wire  orer  a  shallow  glass  dish  of  sulpharic  acid  placed  oo  the 
plate  of  a  good  air-pump,  the  whoU  oovered  with  a  low  receirer,  and 
the  air  withdrawn  as  peifectly  as  possible,  the  water  is  in  a  few  minates 
conrerted  into  a  solid  mass  of  ice.  The  absence  of  the  impediment  of 
the  air,  and  the  rapid  absorption  of  watery  vapoar  bj  the  oil  of  ritriol, 
f^  ^2.  induce  such  quick  evaporation  that 

'  the  water  has  its  temperature  almost 

immediately  reduced  to  the  fineecing- 
point. 

The  same  fact  is  shown  by  a  beau- 
tiful instrument  contriTed  by  I)r. 
WoUaston,  called  a  cryopAoma,  or 
frostnaurrier.  It  is  made  of  glasa,  of 
the  figure  represented  below,  and  contains  a  small  quantity  of  water, 
the  rest  of  the  space  being  racuous.    When  all  the  water  is  turned  into 

^.4& 


the  bulb,  and  the  empty  extremity  plunged  into  a  mixture  ot  ice  and 
salt,  the  solidification  of  the  vapour  gives  rise  to  such  a  quick  evapora- 
tion from  the  surface  of  the  water,  that  the  latter  tiieezes. 

All  means  of  producing  ailificial  cold  yield  to  that  derived  from  the 
evaporation  of  tbe  liquefied  carbonic  acid,  just  mentioned.  Wben  a 
jet  of  that  liquid  is  allowed  to  issue  into  the  air  from  a  narrow  aper- 
ture, such  an  intense  degree  of  coM  is  produced  by  the  evaporixation 
ci  a  part,  that  the  remainder  freezes  to  a  solid,  and  falls  id  a  shower 
of  snow.  By  suffering  this  jet  of  liquid  to  flow  into  a  metal  box  pro- 
vided for  the  purpose,  shown  in  the  drawing  of  the  apparatus,  a  large 
quantity  of  the  solid  acid  may  be  obtained :  it  closely  resembles  snow 
in  appearance,  and  when  held  in  the  hand  occasions  a  painful  sensatioQ 
of  cold,  while  it  gradually  disappears.  Mixed  with  a  little  ether,  and 
poured  upon  a  mass  of  mercury,  the  latter  is  almost  instantly  frosen, 
and  in  this  way  pounds  of  the  solidified  metal  may  be  obtained.  The 
addition  of  the  ether  &cilitates  the  contact  of  the  carbonic  add  with 
the  mercury. 

The  temperature  of  a  mixture  of  solid  carbonic  acid  and  ether  in 
the  air,  measured  by  a  spirit-thermometer,  was  found  to  be  —  106* 
( —  76^*6C) ;  when  the  same  mixture  was  placed  beneath  the  receiver 
of  an  air-pump,  and  exhaustion  rapidly  made,  the  temperature  sank  to 
—  166^  (.110^0).  This  was  the  method  of  obtaining  extreme  cold 
employed  by  Mr*  Faraday  in  his  last  experiments  on  the  liquefaction  of 
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Under  Boch  drcoxnstuioes  the  liquefied  hydriodic,  hjdrobromir, 
aod  sulphurous  add  gases,  carbonic  add,  nitrous  oxide,  sulphuretted 
kydro^en,  ^anogen,  and  ammonia,  froze  to  ooloarless  transparent 
toUd^  and  aioohol  became  thick  and  oily. 

Tbe  prindple  of  the  crjophorus  has  been  rery  hap]Hly  applied  by 
Mr.  Daniell  to  the  construction  of  a  dew-i>oint  hygrometer,  fig.  44.     It 
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eoossts  of  a  bent  glass  tube  terminated  by 
two  bulbsy  one  of  whidi  i^  half  filled  with 
etlier,  the  whole  being  vacuous  as  respects 
atnw^theric  air.  A  delicate  thermometer  is 
ceniained  in  the  longer  limb,  the  bulb  ot 
viiich  dipt  into  the  etbo* ;  a  second  thermo- 
meter on  the  stand  serres  to  show  the  actual 
tunperatare  of  the  air.  The  upper  bulb  is 
ooY^^ed  with  a  bit  of  muslin.  When  an  ob- 
senration  is  to  be  made,  the  liquid  is  all  traus- 
lerred  to  the  lower  bulb,  and  ether  dropped 
upon  the  upper  <Hie,  until  by  the  cooling 
dktt  of  eraporation  a  distillation  of  the  con- 
tained liquid  takes  place  from  one  part  of  the 
af^mratus  to  the  other,  by  which  such  a  re- 
duction of  temperature  of  the  ether  b  brought 
about,  that  dew  is  deposited  on  the  outsick  of  the  bulb,  which  is  made 
of  black  glass  in  order  that  it  may  be  more  easily  seen.  The  difference 
ef  temperature  indicated  by  the  two  thermometers  is  then  read  off. 


CAPAcrrr  por  h£at  ;  specific  ukat. 

It  it  a  Tery  remarkable  fiu^  that  equal  weights  of  different  snb> 

stances  having  the  same  temperature  require  different  amounts  of 

beat  to  raise  them  to  a  given  degree  of  temperature.     If  1  lb.  of 

water,  at  100°  (37*'-7C),  be  mixed  with  1  lb.  at  40°  (4°-4€),  as  u 

100  4-  40 
wdl  knowuy   a  mean  temperature  of ~ =70®  (21*'"1C) 

is  obtained.  In  the  same  way  the  mean  temperature  is  found  when 
warm  and  cold  oil,  or  warm  and  cold  mercury,  &&,  are  mixed  together. 
Bot  if  1  lb.  of  water  at  100°  be  mixed  with  1  lb.  of  olivoK)il  at  40°, 
or  with  1  lb.  of  mercury  at  40°,  instead  of  the  mean  temperature  of 
70°,  in  the  one  case  80°  (26^'6C;,  in  the  other  case  98°  (36°*6C), 
will  be  obtained :  20  degrees  uf  heat,  which  the  water  (by  cooling  from 
100°  to  80°)  gave  to  the  same  weight  of  oil,  were  sufBcient  to  raise 
the  oil  40°  that  ia,  from  40°  to  80°,  and  2°,  which  the  water  lost  by 
eoofa'ng  from  100^  to  98°,  sufficed  to  heat  an  equal  quantity  of  mercury 
58°,  namely,  from  40°  to  98°. 

It  is  erident  from  these  experiments,  that  the  quantities  of  heat 
which  eqoal  weighta  of  water,  olire  oil,  and  muxnrj,  require  to  raise 
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their  tempemtore  to  the  same  height,  are  unequa],  and  that  they  are 
iu  the  proportion  of  the  numhers  1  :  $  :  ^ 

That  quantity  of  beat  which  is  necessary  to  raise  the  unit  of  weight 
of  any  substance  one  d^ree  is  called  the  oapacUy  for  heat ;  and  those 
numbere  which  express  tlie  relation  of  the  different  capadtiea  for 
heat  pf  different  bodies  are  called  the  tpecific  heat.  Thus  the  specific 
heat  of  oil  is  JJ  =  ^,  when  that  of  water  =  1.  The  specific  heat  of 
mercury  is  about  £  =  ^  that  of  water.  There  aie  three  distinct 
methods  by  which  the  specific  heat  of  various  substances  may  be  esti- 
mated. The  first  of  these  is  by  obsetving  the  quantity  of  ice  melted 
by  a  given  weight  of  the  substance  heated  to  a  particular  temperature  ; 
the  second  is  by  noting  the  time  which  the  heated  body  requires  to 
cool  down  through  a  certain  number  of  degrees ;  and  the  third  is  the 
method  of  mixture,  on  the  principle  illustrated :  this  latter  method  is 
preferred  as  the  most  accurate. 

The  determination  of  the  specific  heat  of  different  substances  has  oc- 
cupied the  attention  of  many  experimenters ;  among  these  MM.  Dulong 
and  Petit,  and  recently  M.  Kegnault,  deserve  especial  mention. 

From  the  observation  of  these  and  other  physicists,  it  follows  that 
each  body  has  its  peculiar  capacity  for  heat,  and  that  it  increases  with 
the  increase  of  temperature.  If,  for  example,  the  heat  which  the  unit 
of  water  loses  by  cooling  from  b(P  (10°C),  to  32°  (0°C),  be  marked 
at  18,  then  the  less  by  cooling  from  122''  (50°C),  to  32°  will  be  not 
90,  coiTesponding  to  the  difference  of  temperature,  but  90*16.  By 
cooling  from  212°  (100°C)  to  32°  it  is  180-90,  and  rises  to  365*76, 
when  the  water  is  heated  under  great  pressure  to  392°  (200°C),  and 
afterwards  cooled  to  32°.  Similar  and  even  more  striking  differences 
have  been  found  with  other  substances.  It  has  also  been  proved  that 
the  capacity  for  heat  of  any  substance  is  gi'eater  in  its  liquid  than  in  its 
solid  state.  For  example,  the  specific  heat  of  ice  is  0*504,  that  is,  Bot 
more  than  half  as  great  as  that  of  liquid  water. 

it  is  remarkable  that  the  capacity  for  heat  of  water  is  greater  than 
that  of  all  other  solid  and  liquid  substances,  and  is  only  exceeded  by 
that  of  hydrogen.  The  capacity  for  heat  of  the  solid  parts  of  the  crurt 
of  the  globe  is  on  an  average  |,  and  that  of  the  atmosphere  nearly  \ 
that  of  water. 

If  the  specific  heat  of  anybody  within  certain  degrees  of  temperature 
be  accurately  known,  then  from  the  quantity  of  heat  which  this  body 
gives  out,  when  quickly  dipped  into  cold  water,  the  temperature  to 
which  the  body  was  heated  may  be  determined.  Pouillet  has  founded 
on  this  fact  a  method  of  measuring  high  temperature,  and  for  this 
purpose*  with  the  help  of  the  air^thermoroeter,  he  has  determined  the 
specific  heat  of  platinum  up  to  2912°  (1600°C). 

The  determination  of  the  specific  heat  of  gases  is  attended  with 
peculiar  difificulties  on  account  of  the  comparatively  large  volume  of 
small  weights  of  gases.  Satisfactory  results  have,  however,  been 
obtained  by  the  method  of  mixing  for  Uie  foUowiog  gases. 
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Eqtial  volnines. 

Equal 

weights. 

Tbe  volumes 

Tbepreasore 

Alr»l.      ' 

(¥ater  =  I. 

ooDBtant. 

Atmospheric  air    •     1 

1 

0-2669 

Oiygen     .         .         1 

0-9045 

0-2414 

Hydrogen     •         •     I 

14-4510 

3-8569 

Kitng!eii  .         .         1 

10295 

0-2748 

Carboaic  oxide       .     1 

1-0337 

0-2759 

Protoxide  of  Qitn^en  1 ' 

227 

1-160     . 

0-7607 

0-2030 

GaH^ooicacid        •     1  * 

249 

1-175     . 

0-7685 

0-2051 

Oie6ant  gas  •         •     1  * 

754 

1-531     . 

1-5829 

0-4225 

For  the  comparison  of  the  specific  heat  of  atmospheric  air  with  that 
of  water  we  are  indebteJ  to  Count  Rumford ;  for  the  comparison  of  the 
speciiic  heat  of  Uie  various  gases  to  Delaroche  and  Berani,  Dulong  and 
Begnault.* 

Tiie  observations  of  Delaroche  and  Berard  led  to  the  supposition  that 
the  specitic  heat  of  gases  increased  rapidly  when  the  temperatui-e  was 
increa^  ;  and  that  with  any  fixed  volume  of  gas  it  increased  in  pro- 
portion to  its  density  or  tension.  Regnault  has,  however,  found  that 
the  quantity  of  heat  which  a  given  volume  of  eas  requires  for  heating 
is  indepeodent  of  the  density  of  the  gas,  and  mr  each  degree  of  heat 
between  -22°  (-30°C)  and  437<*  (225°C)  remains  constant. 


*  Begnanlt's  recent  researches  confirm  the  statement  that  equal  volumes  at 
tfK  same  preasare  of  the  elementary  gases,  oxygen,  nitrogen,  and  hydrogen, 
poMoaB  the  same  tpecA&o  heat.  The  numbers  found  for  chlorine  and  bromine, 
however,  show  that  the  law  does  noi  hold  good  for  all  the  elementary  gases. 
The  following  are  Begnault's  results  :— 


E^pectflc  gravity. 


Atmospheric  ah* 
Oxygen .     .     . 
Nitrogen      .     . 
Hydrogen    .    . 
Qilorine      .     . 
Bromine  vapour 
Carbonic  oxide 
Cki1>onicsdd   . 
Protoxide  of  nitrogen 
Binoxlde  of  iiitrogoi 
defiant  gas      •    . 
Karshgas  .     .     « 
Aqueous  vapour    . 
Sniphoietted  hydrogen 
Salpbunras  acid 
BisiifphideofGarlxni 
flydrochlorlc  add  . 
Ammoni^  ^     s    ' 


Bpbcifto  Hxat  at  Equal  Peesbubb. 

For  equal 
volumes. 

Water  =  1. 

I            ...    0'2377  . 

1*1056     .     .     .     0*3412  . 

0*9713     .     .      .     0-2370  . 

0*0692     .     .     .     0*2356  . 

2-4400     .     .      .     0*2962  . 

5*39         .      .      .     0*2992  . 

0*9674     .     .     .     0-2399  . 

1*5290     .     .     .     0*3308  . 

1*5250     .     .     .     0*3413  . 

1*0390     .     .     .     0*2406  . 

0-9672     .     .     .     0*3277  . 

0*5627     .     .     .     0*3672  . 

0*6210     .     .     .     0*2950  . 

1M912     .      .     .     0*2386  . 

2*2470     .      .      .     0*3489  . 

2-6325     .      .     .     0*4146  . 

1*2474     .     .     .     0*2302  . 

0*5894     .    ..     .     0*299f  . 


For  equal 
weights. 


0- 
0- 
0- 
3* 
0* 
0* 


2377 
2182 
2440 
4046 
1214 
0552 
0-2479 
0*2164 
0*2238 
0*2315 
0*5929 
3694 
4750 
2423 
1553 
1575 
0*1845 
0*6080 
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Whenever  a  gas  ezpandv  h^t  becomes  thereby  latent.  Hence  the 
amount  of  heat  required  to  raise  a  gas  to  a  certain  temperature 
increases  the  more  we  allow  it  to  expand.  Dulong  has  found  that  if 
the  amount  of  heat  required  to  raise  the  temperature  of  a  volume  of 
gas  (observed  at  the  melting-point  of  4oe,  and  at  .a  pressure  of  30 
inches)  to  a  given  height^  without  its  volume  undergoing  any  chaDge, 
be  represented  by  1,  then  if  the  gas  be  allowed  to  expand  until  the 
pressure  is  reduced  againto  30  inches  whilst  the  high  temperature  is 
kept  up,  the  additional  amount  of  heat  which  is  required  for  thia  par- 
pose  is,  for  oxygen,  hydrogen,  or  nitrogen  0-421 ;  for  carbonic  add 
0-423 ;  for  binoxide  of  nitrogen  0  345 ;  and  for  olefiant  gas  0-240. 

If  there  be  no  source  of  heat  from  which  this  additional  quantity 
can  be  obtained,  then  the  gas  is  cooled  during  expansion,  a  portion  of 
the  free  heat  becoming  latent.  On  the  other  hand,  if  a  gas  be  com- 
pressed, tliis  latent  heat  becomes  free,  and  causes  an  elevation  of  tem- 
perature, which,  under  favourable  drcumstances,  may  be  raised  to 
ignition :  syringes  by  which  tinder  is  kindled  ai-e  constructed  on  this 
principle. 

MM.  Dalong  and  Petit  observed  in  the  course  of  their  Investigation 
a  most  remarkable  circumstance.  If  the  specific  heats  of  bodies  be 
computed  upon  equal  weights,  numbers  are  obtained  all  different,  and 
exhibiting  no  simple  relations  among  themselves ;  but  if,  instead  of 
equal  weights,  quantities  be  taken  in  the  proportion  of  the  chemical 
equivalents  &°  almost  perfect  coincidence  in  the  numbers  will  be 
observed,  showing  that  some  exceedingly  intimate  connexion  must  exist 
between  the  relations  of  bodies  to  heat  and  their  chemical  nature ;  and 
when  the  circumstance  is  taken  into  view,  that  reUtious  of  even  a  still 
doser  kind  link  together  chemical  and  electrical  phenomena,  it  is  not 
too  much  to  expect  that  ere  long  some  law  may  be  discovered  fiir  more 
general  than  any  with  which  we  are  yet  acquainted. 

The  following  table  is  extracted  from  the  memoirs  of  M.  Regnanlt, 
with  whose  results  most  of  the  experiments  of  Dulong  and  Petit  closely 
coincide. 


Sabstancea. 
Water     . 

Speclfio  heat  of 
equal  weights. 
1-0000 

Specific  heat  of 
equivalent  weli^ts. 

Oil  of  turpentine 
Glass       . 

.     0-4259 
01977 

Aluminium  . 

.     0-2143 

2*94 

Sulphur  . 
Iron     • 

0-2026     . 
.     0-1138 

•         . 

3-24 
3-19 

Cobalt    . 

0-1070     . 

«         «. 

3-16 

Nickel . 

.     0-1086 

3-21 

Copper     . 
Zinc    .    '    . 

0-0952     . 
.     0-0956 

•         . 

3-02 
3-12 

Selenium 

0-0762     .    : 

.         • 

3-01 

Palladium    .        * 

»     0-0593 

•                     €                     • 

3-16 

hvat; 
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Cadmiom 
Tin      . 
TeUurium 
Flatinuin    « 
Mercuiy 
L«ad  . 
Phosphorus 
Arseoie 
SiWer     , 
iDdine 
Antnnonj 
Gold    . 
Bi&moth  • 


Spedflcbeatof 
equal  weights. 

0-0567     . 
,      0-0562 

0-0474     . 
.      0-03'24 

0-0332     . 
.     0-0314 

0-1887     . 
.    0-0814 

0-0570     . 
.     0-0541 

0-0508     . 
.    0-0324 

0-0308     . 


Specific  heat  of 
eqiiivaleDt  weights. 

3-18 
.     3-26 

3-04 
.     3-20 

3-33 
.     3-26 

5-85 
.     6-10 

6-16 
.     6-88 

611 
.     6-38 

6-48 


In  the  case  of  a  great  many  elements — mercnry  and  the  majority  of 
the  elements  in  the  solid  condition — the  Dombei-s  given  in  the  last 
oolamn  very  nearly  coincide.  The  specific  heat  of  equivalent  quanti- 
fies of  all  these  elements  is  very  nearly  the  same,  and  is  represented  by 
valoes  T&rying  between  3*0  and  3*3.  In  the  case  of  the  last  seven 
elements  the  numbers  given  in  the  second  column  agree  among  them- 
aelTea^  bat  differ  essentially  from  the  previous  numbers :  the  specific 
heat  of  these  elements  is  represented  by  values,  rarying  fi*om  6  to  6*8, 
and  is,  accordingly,  double  that  of  the  other  elements.  It  may  be 
generally  stated  that  the  speciHc  heats  of  equivalent  weights  of  tlie 
elements  in  the  solid  state  are  either  equal,  or  stand  to  each  other  in 
Ttrj  simple  ratios,  for  instance,  as  1  to  2. 

The  same  law  holds  good  tor  many  chemical  compoimds  of  similar 
constitution,  but  by  no  means  for  all,  if  the  constitution  generally 
attributed  to  these  substances  be  adopted.  Only  in  few  cases  can  a 
rdattion  be  traced  between  the  specific  heats  of  the  compound  body 
and  of  its  constituents.  For  certain  alloys  the  specific  heat  is  the 
mean  specific  heat  of  the  metallic  colistituents. 

SOURCES  OF  HEAT« 

The  tint  and  greatest  source  of  heat,  compared  with  which  all  others 
are  totally  insignificant,  is  the  sun.  The  luminous  rays  are  accompanied 
by  rays  of  a  heatmg  nature,  which,  striking  against  the  surface  of  the 
earth,  elevate  its  temperature:  this  heat  is  communicated  to  the  air  by 
coDvection,  as  already  described,  air  and  gases  in  gmieral  not  being 
sensibly  heated  by  the  passage  of  the  rays. 

A  second  source  of  heat  is  supposed  to  exist  in  the  interior  of  the 
earth.  It  has  been  observed  that  in  sinking  mine-shafts,  boring  for 
water,  Sec,,  the  teaiperatore  rises  in  descending  at  the  i-ate,  it  is  said,  of 
absBt  l^  (fO)  for  erery  46  feet,  or  117®  (65®C)  per  mile.  On  tlie 
gujipoeitioQ  that  the  rise  continues  at  the  same  rate^  at  the  depth  of  less 
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than  two  miles  the  earth  would  have  the  temperature  of  boiling  wAter  ; 
at  nine  miles  it  would  be  rei>hot ;  and  at  30  or  40  miles  depth*  all 
known  substances  would  be  in  a  state  of  ftision/" 

According  to  this  idea,  the  earth  must  be  looked  upon  as  an  intensely- 
heated  fluid  spheroid,  covered  with  a  crust  of  solid  badly-conducting 
matter,  cooled  by  radiation  into  space,  and  bearing  somewhat  the  same 
proportion  in  thickness  to  the  ignited  liquid  within  that  the  shell  of  an 
egg  does  to  its  fluid  contents.  Without  venturing  to  offer  any  opinion 
on  this  theory,  it  may  be  sufficient  to  obi>8rve  that  it  is  not  positively 
at  variance  with  any  known  &ct ;  that  the  figure  of  the  earth  is  really 
such  as  would  be  assumed  by  a  fluid  mass ;  and,  lastly,  that  it  offers 
the  best  explanation  we  have  of  the  phenomena  of  hot  springs  and  toU 
canic  eruptions,  and  agrees  with  the  chemical  nature  of  their  products. 

The  smaller,  and  what  may  be  called  secondary,  sources  of  heat,  are 
very  numerous :  they  may  be  divided,  for'the  present;  into  two  groups, 
mechanical  mo14on  and  chemical  combination.  To  the  first  must  be 
referred  elevation  of  temperature  by  friction  and  blows ;  and  to  the 
second,  the  effects  of  combustion  and  animal  respiration.  With  n^rd 
to  the  heat  developed  by  friction,  it  appears  to  be  indefinite  in  amount, 
and  principally  dependent  upon  the  nature  of  the  rubbing  sur&ces. 
An  experiment  of  Count  Rumford  is  on  record,  in  which  the  heat 
developed  by  the  boring  of  a  brass  cannon  was  sufficient  to  bring  to 
the  boiling-point  two  and  a  half  gallons  of  water,  while  the  dust  or 
shavings  of  metal,  cut  by  the  borer,  weighed  a  few  ounces  only.  6ir 
H.  Davy  melted  two  pieces  of  ice  by  rubbing  them  together  in  vacuo  at 
300  ^o^C) ;  and  uncivilized  men,  in  various  parts  of  the  world,  have 
long  been  known  to  obtain  fire  by  rubbing  together  two  pieces  of  dry 
wood.  The  origin  of  the  heat  in  Uiese  cases  is  by  no  means  intelligible, 
although  from  the  interesting  investigation  of  Joule  on  the  mechanical 
equivalent  of  heat,  we  know  that  the  quantity  of  heat  evolved  by  rub- 
bing in  proportioned  to  the  amount  of  mechanical  work  employed. 

Malleable  metals,  as  iron  and  copper,  which  become  heated  by  ham- 
mering or  powerful  pressure,  are  ibund  thereby  to  have  their  density 
sensibly  increased  and  their  capacity  for  heat  diminished :  the  rise  of 
temperature  is  thus  in  some  measure  explained.  A  soft  iron  nail  may 
be  made  red-hot  by  a  few  dexterous  blows  on  an  anvil ;  but  the  experi- 
ment cannot  be  repeated  until  the  metal  has  been  annealed,  and  in  that 
manner  restored  to  its  physical  state. 

The  disengagement  of  heat  in  the  act  of  combination  is  a  phenome- 
non of  the  utmost  generality.  The  quantity  of  heat  given  out  in  each 
particular  case  is  in  all  probability  fixed  and  definite;  its  intensity  is 

*  The  Artesian  well  at  Orenelle,  near  Paris,  bas  a  depth  of  1T94*6  Engllah 
feet ;  It  Is  bored  tbrougb  the  cbalk  basin  to  the  sand  beneath ;  the  work  oocn- 
pled  seven  years  and  two  months.  The  temperature  of  the  water,  whldi  Is 
exceedingly  abondant,  Is  82°  (27<)'7C);  the  mean  temperature  of  Hurls  la 
6|o  (lOO'ftC);  the  difference  U  31°  (17<''2C>,  whicb  gives  a  rate  of  about 
l^'  {fi)  for  68  feet. 
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iepmdeai  upon  the  time  oyer  which  the  action  is  extended.  Science 
has  alnadj  bi^o  enriched  bj  many  admirable,  although  yet  incom- 
pi^  researches  on  this  important  but  most  difficult  subject. 


It  is  not  improbahle  that  man  j  of  the  phenomena  of  heat,  claased  at 
{»e9ent  under  difierent  heads,  may  hereailer  be  referred  to  one  common 
cause,  namely,  alterations  in  the  capacity  for  heat  of  the  same  body 
onder  different  physical  conditions.  For  example,  tlie  definite  absorp- 
tion and  evolatiou  of  sensible  heat  attending  change  of  state  may  be 
amply  due  to  the  increased  capacity  for  heat,  to  a  fixed  and  definite 
amount  of  the  liquid  over  the  solid,  and  the  vapour  over  the  liquid. 
The  experimental  proof  of  the  &cts  is  yet  generally  wanting :  in  the 
T^  important  case  of  water,  however,  the  decidedly  inferior  capacity 
for  heat  of  ice  compared  wiUi  that  of  liquid  water  seems  fully  proved 
from  experiments  on.  record. 
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LIGHT. 

The  subject  of  light  is  coin{mnitiTely  little  oonnpcted  with  elementAry 
c-liemistry.  and  a  very  slight  notice  of  Mine  of  the  most  important 
points  will  suffice. 

Tiro  views  have  been  entertained  respecting  the  nature  of  light. 
Sir  Isaac  Newton  imagined  that  luminous  bodies  emit,  or  shoot  oat^ 
infinitely  small  particles  io  straight  lines  whidi,  by  penetratii^  the 
transparent  part  of  the  eye  and  &iling  upon  the  nervous  tissue,  pro- 
duced vision.    Other  philoaophers  drew  a  parallel  between  the  pro- 
perties of  light  and  thoae  of  sound,  and  considered  that,  aa  sound  10 
certainly  the  efiect  of  undulations,  or  little  waves,  propagated  through 
elastic  bodies  in  all  directions,  so  liglit  might  be  nothing  more  than  the 
consequence  of  similar  undulations  transmitted  with  inconceivable 
velocity  through  a  highly- elastic  medium,  of  excessive  tenuity,  filling 
all  space,  and  occupying  the  intervals  between  the  particles  of  material 
substances,  to  which  they  gave  the  name  of  ether.    The  wave  hypo- 
thesis of  light  is  at  present  more  in  favour,  as  it  serves  to  explain 
certain  singular  phenomena,  discovered  since  the  time  of  Newton,  with 
greater  facility  than  the  other. 

A  ray  of  light  emitted  from  a  luminous  body  proceeds  in  a  straight 
line,  and  with  extreme  velocity.     Certain  astronomical  obeervatkms 
afford  the  means  of  approximating  to  a  knowledge  of  this  velocity. 
The  satellites  of  Jupiter  revolve  about  the  planet  in  the  same  manner 
as  the  moon  about  the  earth,  and  the  time  required  by  each  satellite 
for  the  purpose  is  exactly  known  from  its  periodical  entry  into  or  exit 
from  the  shadow  of  the  planet.    Tlte  time  required  by  one  is  only  42 
hours.     Komer,  the  astronomer  of  Copenhagen,  found  that  this  period 
appeared  to  be  longer  when  the  earth,  in  its  passage  round  the  sun, 
moved  from  the  planet  Jupiter;  and,  on  the  contrary, he  observed  that 
the  periodic  time  appeared  to  be  shorter  when  the  earth  moved  in  the 
direction  towards  Jupiter.     The  difference,  though  very  small  for  a 
single  revolution  of  the  satellite,  by  the  addition  of  many  so  increases 
during  the  passage  of  the  earth,  from  its  nearest  to  its  greatest  distance 
from  Jupiter,  that  is  in  about  half  a  year,  that  it  amounts  to  16 
minutes  and  16  seconds.     Komer  concluded  from  this  that  the  light  of 
the  sun,  reflected  from  the  satellite,  required  that  time  to  pass  through 
a  distance  equal  to  the  diameter  of  the  orbit  of  the  earth ;  and  since 
this  space  is  little  short  of  200  millions  of  miles  the  velocity  of  light 
cannot  be  less  than  200,000  miles  in  a  second  of  time.    It  will  be  seen 
hereafler  that  this  rapidity  of  transmission  is  riv;illed  by  that  of  the 
electrical  agent. 

When  a  ray  of  light  falls  on  a  plane  surface  it  may  be  disposed  of 
in  three  ways :  more  or  less  15  absorbed  and  so  disappears  the  rest  is 
either  wholly  or  partly  reflected,  and  partly  transmitted.  Those  bodies 
which  absorb  nearly  lUl  the  rays  of  light  falling  on  them  appear  black. 
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Thm  whicli,  like  glass  or  water,  allow  the  greater  port  to  paaa  throoeh 
an  called  traosparent.  The  reflected  light  may  be  reflected  difusely 
cr  icgukrl J.  Thoae  bodies  which  reflect  regnlarljr  the  greater  part  of 
the  I%ht  poascu  lustre  like  polished  bodies. 

The  law  of  r^ular  leflectioQ  is  extremely  simple.  If  a  line  be  drawn 
IKipendicolar  to  the  sarfiice  upon  which  the  ray  falls,  and  the  angle 
coatsined  between  the  ray  and  the  perpendicular  measured,  it  will  be 
ibaad  that  the  ray,  after  reflection,  takes  such  a  course  as  to  make  with 
tlie  perpeDdieiilar  an  equal  angle  on  the  opposite  side  of  the  latter.  A 
ray  of  light,  r,  felling  at  the  point 
?,  will  be  reflected  in  the  direction 
pb',  making  the  angle  b'pp'  equal 
ts  the  angle  rpp';  or  a  ray  from 
the  point  r  falling  upon  the  same 
spoi  will  be  reflected  to  /  in  virtue 
ot"  the  same  law.  Further,  it  is  to 
be  obKTTed,  that  the  incident  and 
reflected  rays  are  always  contained 
u  the  WDM  Yerticnl  plane. 

yht  same  rule  holds  good  if  the 
minor  be  carved,  as  a  portion  of  a  sphere,  the  curve  being  considered 
tt  made  op  of  a  multitude  of  little  planes.  Parallel  rays  be<«me 
jjenMnently  altered  in  direction  when  reflected  from  curved  surfaces, 
woMning  direigent  or  convergent  according  as  the  reflecting  surface  is 
ooovex  or  concave. 

Bodies  with  rough  and  uneven  surfaces,  the  smallest  parts  of  which 
ve  inclined  towards  each  other  without  order,  reflect  the  light  diffused, 
ine  perception  of  bodies  depends  upon  the  diffnsed  reflected  light. 

It  hss  just  been  stated  that  light  passes  in  straight  lines ;  but  this 
"""f  *ra«  so  long  as  the  medium  through  which  it  travels  preserves 
Uie  aune  density  and  the  same  ch«- 
iBkal  nature :  when  this  ceases  to 
be  the  caie,  the  my  of  light  is  bent 
from  its  course  into  a  new  one,  or, 
m  optical  language^  is  said  to  be 
f^ffraded. 

I^  a  be  a  ray  of  light  falling 
^"f^  a  plate  of  some  transparent 
■ubstance  with  parallel  sides,  such 
«  a  piece  of  thick  plate  glass;  and 
^  its  point  of  contact  with  the 
jPP«r  surface.  The  ray,  instead  of 
oo^iog  a  straight  course  and  pas»- 
^  into  the  glass  in  the  direction 
*  B»  will  be  l^nt  downwards  to  c ; 
"^  on  leaving  the  glass,  and  issuing  into  the  air  on  the  other  side,  it 
'lui  again  be  bent,  but  in  the  opposite  direction,  so  as  to  make  it 
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parallel  to  the  continaation  of  its  former  timck.  Th«  general  law  Is 
thus  expressed : — When  the  nj  passes  from  a  rare  to  a  denser  medium, 
it  is  usually  refracted  towards  a  line  perpendicular  to  the  surface  of  the 
latter ;  and  convereely,  when  it  leares  a  dense  medium  for  a  rarer  one, 
it  is  refracted  from  a  Tine  perpendicular  to  the  surfiioe  of  the  denser 
suhstance ;  in  the  former  case  the  angle  of  incidence  is  said  to  be  greater 
than  that  of  refraction ;  in  the  latter,  it  is  said  to  be  less.  In  both 
cases  the  dii'ection  of  the  refracted  nj  is  in  the  plain  R  A  8,  which  ia 
formed  hj  the  falling  nj,  and  by  the  perpendicular  8  A  drawn  from  the 
spot  where  the  nj  is  refracted :  Uie  angle  RA8  =  DAs,is  called  the  angle 
of  incidence.  The  angle  c  a  8  is  called  the  angle  of  refraction.  The 
difierence  of  these  two  angles,  that  is,  the  angle  C  a  B,  is  the  refraction. 
The  amount  of  refraction,  for  the  same  metiium,  Taries  with  the 
obliquity  with  which  the  ray  strikes  the  surface.  When  perpendicular 
to  the  latter,  it  passes  without  change  of  direction  at  all ;  and  in  other 
poaitionsy  the  refraction  increases  with  the  obliquity. 

Let  R  represent  a  ray  of  light 
^'  *^'  falling  upon  the  sur&ce  of  a  mass 

of  plate  glass  at  the  point  a.  From 
this  point  let  a  perpendicular  fiill 
and  be  continued  into  the  new 
medium,  and  around  the  same  point, 
as  a  centre,  let  a  drcle  be  drawn. 
According  to  the  law  just  stated, 
the  refraction  must  be  towards  the 
pei-pendicular ;  in  the  direction  ak' 
for  example.  Let  the  lines  a—a^ 
a' — a',  at  right  angles  to  the  per- 
pendicular,  be  drawn,  and  Uieir 
length  compared  by  means  of  a 
scale  of  equal  parts,  and  noted ; 
their  length  will  In  the  case  supposed  be  in  the  proportion  of  3  to  2. 
These  lines  are  termed  the  sines  of  the  angles  of  incidence  and  refraction 
respectively. 

&0W  let  another  ray  be  taken,  such  as  r;  it  is  refracted  in  the 
same  manner  to  r',  the  bending  being  greater  from  the  increased  obli- 
quity of  the  ray ;  but  what  is  very  remarkable,  if  the  sines  of  the  two 
new  angles  of  incidence  and  refraction  be  again  compai-ed,  they  will 
still  be  found  to  bear  to  each  other  the  proportion  of  3  to  2.  The  fact 
is  expressed  by  saying  that  the  ratio  of  the  sines  of  the  angles  of  tnc*- 
denoe  and  refraction  is  constant  for  the  same  medium. 

Different  bodies  possess  difierent  refractive  powera ;  generally  speak- 
ing, the  densest  substances  refract  most.  Combustible  bodies  have 
been  noticed  to  possebs  greater  refractive  power  tlian  their  density 
would  indicate,  and  from  this  obser\''ation  Sir  I.  Newton  predicted  the 
combujitible  nature  of  the  diamond  long  before  anything  was  known 
respecting  its  chemical  nature. 
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The  method  adopted  for  describing  the  coinpftrattve  refractiTe  powera 
of  different  bodies  is  to  rtate  the  ratio  borne  by  the  sine  of  the  angle 
of  refrsctioQ  to  that  of  incidence,  making  the  former  unity :  this  is 
called  the  index  of  refraction  for  the  substance.  Thus,  in  the  case  of 
gUn  the  index  of  refractioa  will  be  1*6.  When  this  is  once  known 
fcr  any  particular  transpei-ent  body,  the  effect  of  the  latter  upon  a  ray 
of  light  entering  it,  in  any  position,  can  be  calculated  by  the  aid  of  the 
law  of  sines. 


Sabstances.        Index  of  refVaction. 

Sdbstaaces.           Index  of  refraction 

Tabaaheei*  . 

1-10 

Garnet          .         ,          1-80 

Ice            ... 

1-30 

Glass,  with  much  oxide 

Water. 

1-34 

of  lead          .         .1-90 

Fluor  spar 

1-40 

Zircon          .         .          2-00 

Plate  glass  . 

1-50 

Phosphorus       .         .     2*20 

Ro<-k  crystal     . 

1-60 

Diamond      .         .          2*50 

Chrysolite    . 

1-69 

Chromute  of  lead       .     3-00 

Bisulphide  of  carbon . 

1-70 

Fig.  48. 


When  a  luminous  ray  enters  a  man  of  substance  differing  in  refrac- 
tire  power  from  the  air,  and  whose  surfaces  are  not  parallel,  it  becomes 
pemoanently  deflected  from  its  course  and  altered  in  its  direction.  It 
M  upon  this  principle  that  the  properties  of  prisms  and  lenses  depend. 
To  take  an  example. — Let  the 
sketch  represent  a  tiiangular  prism 
ef  glass,  upon  the  side  of  which  the 
cay  of  light  R  may  be  supposed  to 
faU.  This  ray  will  of  course  be 
refracted  in  entering  tlie  glass  to- 
wards a  line  perpendicular  to  the 
first  surface,  and  again,  from  a  line 

perpendicular  to  uie  second  surface  on  emerging  into  the  air.  The 
result  is  the  deflection  A  c  R,  which  is  equal  to  the  sum  of  the  two 
dcBections  which  the  ray  undergoes  in  passing  through  the  prism. 

A  convex  lens  is  thus  enabled  to  coureiige  rays  of  light  falliug  upon 


it, and  a  concare  lens  to  separate  them  more  widely;  each  separate  part 
of  the  surface  of  the  lens  producing  its  own  independent  effect. 

*  A  siUceous  deposit  in  tbe  Joints  of  the  bamboo. 
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The  light  of  the  son  and  celestial  bodies  in  general,  an  well  as  that 
of  the  electric  spark  and  of  all  ordinary  flames,  is  of  a  compound 
nature.  If  a  ray  of  light  from  any  of  the  sources  mentioned  be 
admitted  into  a  dark  room  by  a  small  hole  in  a  shutter,  or  otherwiae, 
and  sufiered  to  fall  upon  a  glass  prism  in  the  manner  described  below, 
it  will  not  only  be  refracted  from  its  straight  coarse,  but  will  be 
decomposed  into  a  number  of  coloured  rays,  which  may  be  reoeiyed 
apon  a  white  screen  placed  behind  the  prism.  When  solar  light  is 
employed,  the  colours  are  extremely  brilliant,  and  spread  into  an 
oblong  space  of  considerable  length.  The  upper  pail  of  this  image  or 
spectrum  will  be  violet  and  the  lower  red,  the  intermediate  portion, 
commencing  from  the  violet,  being  indigo,  blue,  gieeu,  yellow,  and 
orange,  all  graduating  imperceptibly  into  each  other.  This  is  the 
celebrated  experiment  of  Sir  Isaac  Newton;  and  from  it  he  drew  the 
inference  that  white  lij^t  is  composed  of  seven  primitive  colours,  the 
rays  of  which  are  differently  refrangible  by  the  same  medium,  and 
hence  capable  of  being  thus  separated.  The  violet  rays  are  most  re- 
frangible, and  the  red  rays  least.* 

Sir  D.  Brewster  is  disposed  to  think,  that  out  of  Newton*s  seven 
primitive  colours  four  are  really  compound,  and  formed  by  the  super- 
jiontion  of  the  three  remaining,  namely,  blue,  yellow,  and  red,  which 
alone  deserve  tlie  name  of  primitive.  When  those  three  kinds  of  rays 
are  mixed,  or  superimpose^l,  in  a  certain  deHnite  manner,  they  produce 
white  light,  but  when  one  or  two  of  them  are  in  excess,  then  an  effect 
of  colour  is  perceptible,  simple  in  the  first  case,  and  compound  in  the 
second.  There  are,  according  to  this  hypotheais,  by  no  means  univer- 
aaliy  adopted,  rays  of  all  refrangibilities  of  each  colour,  and  conseqnently 
white  light  in  every  part  of  the  spectrum,  but  then  they  are  unequally 
distributed ;  the  blue  rays  are  more  numerous  near  the  top,  the  yellow 
towards  the  middle,  and  the  red  at  the  bottom,  the  excess  of  each  colour 
producing  its  characteristic  effect.  In  the  diagram  on  p.  67,  the  intensity 
of  each  colour  is  represented  by  the  height  of  a  curve,  and  the  efiecta 
of  mixture  will  be  intelligible  by  a  little  consideration. 

Bodies  of  the  same  mean  refractive  power  do  not  always  equally  di»- 
pei'se  or  spread  out  the  dififei-ently>coloui-ed  rays :  because  the  principal 
yellow  or  red  rays,  for  instance,  are  equally  refracted  by  two  prisms  of 
different  materials,  it  does  not  follow  tliat  the  blue  or  the  violet  will 

•  The  colours  of  natnral  ol^ects  are  supposed  to  result  fVom  the  power  poa> 
seesed  by  their  surfaces  of  absorbing  some  of  the  coloured  rays,  wblle  they 
reflect  or  transmit,  as  the  case  may  be,  the  remainder  of  the  rays.  Thus  an 
ol:|)ect  appears  red  becautte  It  absorbs*  or  causes  to  disappear  the  yellow  and  bine 
rays,  composing  the  white  light  by  which  it  is  illuminated.  Any  colour  which 
remains  alter  the  deduction  of  another  colour  from  white  light,  is  called  com- 
plementary  to  the  latter.  Complementary  colours,  when  acting  simultaneously, 
produce  again  white  light  Thus  in  Uie  examjile  already  quoted,  red  and  green 
—the  Utter  resulting  Irom  yellow  and  blue— are  complementary  colours.  The 
fact  of  cumplemeutary  colours  giving  rise  to  white  light  may  be  readily  illus- 
trated by  mixing  in  appropriate  quantities  a  rose-rod  solution  of  cobalt  and  a 
green  solution  of  nickel :  the  resulluig  liquid  is  colourless. 


tir  smilarl  J  ■Sected,  HeDc«,  prism  of  dlB«r«it  Tarisda  of  glau,  or 
H^r  trui«|ArcDt  lubstances,  Ki^^f  uader  similar  clrcurDttances,  veiy 
4iAnat  spectra,  both  u  respKis  the  lengCh  of  the  inugs,  lud  the  nla> 


The  ippanDce  of  Ifae  spvctrum  maf  b]»  Tsiy  with  the  nilun  of 
tb«  Boan:e  of  light :  the  iavntigatioa  of  thfte  difierpocei,  howerer, 
ioTolTts  tbe  UK  of  a  more  delicate  ■pparaltu.    Fig.  51  shows  the  prhi- 


which  it  it  diipened.  The  decompned  light  emerges  from  the  prinn 
in  the  acTeial  directions  between  r  (red  rnj-s)  and  n  (rrolet  raja);  the 
spectnim  thos  produced  is  obsened  by  the  telescope  (,  which  reCTivee 
Dnlf  part  of  icst  once;  but  the  atvtial  parts  maybe  readiij  eiamioed 
by  turning  slightly  eitiier  the  prism,  p,  or  the  telescope,  t. 

If  tbe  6olar  spectTum  b«  eiamintil  in  this  manaer,  numerous  dark 
Ihiei  }«rallel  with  the  edge  of  the  priim  are  abserroi.  They  were 
discoTered  in  1802  by  Dr.  Woilaston,  sod  subeeqiiently  more  minutely 
ioTeatigated  by  Fmunholer.  They  are  generally  known  as  FmuD. 
hofer'j  lines.  These  dark  lines  which  eiist  in  gnat  numbers,  nnd  of 
Tery  varying  strength,  me  irregularly  distributed  orev  the  whole  spec- 
trnm.  borne  of  them,  in  consequence  of  their  peculiar  strength  and 
of  their  mntnal  position,  may  always  be  ei^ly  realized  ;  the  more 
CDOspicnoua  arc  represented  in  the  diigrHm,  fig.  52,  The  came  dark 
linci,  thoi^  pnlcr,  and  much  more  difficult  lo  recognize,  are  ob- 
•eireil  id  the  apectrum  at  planets  lighted  by  the  sun,  Ibr  in$tanee  in 
tbe  lizbt  enifliiating  from  Venus.  On  the  other  hand,  the  dark  lines 
ot»(rved  io  th' ■P*'*' "I"'"'"'"  P™^""'' V  *'" 
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fixed  stai-s^from  Sirras,  for  instance— differ  In  pontion  from  thoi 
preriouslj  mentioned. 

Pig,  52. 

Bod.  Or>ng«.Y«llow.  Grewi.    BliMi.  Infflga  VIotot 

▲     BCD  Sr  G«  H 


Sun 

Na 

• 

K 

U 

Sr 

1 

Dark 
lines. 


\ 


Bright 
linen. 


Sources  of  light  which  contain  no  volatile  constitaents — incandescent 
platinum  wire,  for  example — famish  continuous  cpecti-a,  exhibiting  no 
snch  lines.  Bat  if  volatile  substances  be  present  in  the  source  of  light, 
bright  lines  are  observed  in  the  spectrum,  which  are  frequently  cha- 
racteristic of  the  volatile  substances. 

Professor  Pluecker,  of  Bonn,  has  investiffated  the  spectra  which  are 
produced  by  the  electric  light  when  developed  in  veiy  rarefied 
gases.  He  found  the  bright  lines  and  the  dark  stripes  between  the 
lines  varying  considerably  with  different  gases.  When  the  electric 
light  was  developed  in  a  mixture  of  two  gases,  the  spectrum  thua 
obtained  exhibited  simultaneously  the  peculiar  spectm  belonging  to 
the  two  gases  of  which  the  mixture  consisted.  When  the  experiment 
was  made  in  gaseous  com(k>unds  capable  of  being  decomposed  by  the 
electrical  current,  this  decomposition  was  indicated  by  the  spectra  of 
the  separated  (x>nstituents  becoming  peix^ptible. 

Many  years  ago  the  spectra  of  coloured  6ames  were  examined  by  Sir 
John  Herschel,  Fox  Talbot,  and  W.  U.  Miller.  Witliin  the  last  few  years 
results  of  the  greatest  importance  have  been  obtained  by  Kirchhoff  and 
Bunsen,  who  have  investigated  the  spectra  furnished  by  the  incandescence 
of  volatile  substances :  these  re<earches  have  enriched  chemistiy  with  a 
new  method  of  analysis,  the  analysis  by  spectrum  observations.  In  order 
to  recognize  one  of  the  metals  of  the  alkalis  or  of  the  alkaline  earths, 
it  is  generally  sutficient  to  introduce  a  minute  quantity  of  a  moderately 
volatile  compound  of  the  metal  on  the  loop  of  a  platinum  wlie  into  the 


nJp  of  the  very  hoi,  but  loUMlr  luminirai  H«in*,  of  n  miiture  of  air 
and  coal-gas,  and  to  narDJne  tfac  ipwtrum  which  it  fumiBhrd  bj  llie 
fiuK  omtuDing  the  vapour  of  the  dkUI  ar  iU  componnit.     Fig.  b'i 


nhitHti  ths  apparatus  which  ii  used  in  perfonnii  _ 
this  ijeieription.  1'he  lijht  of  the  flnint  iu  which  the  tnetnllic  « 
pound  is  eraponteil  passet  through  the  fine  ilil  in'  the  diir,  >,  into  a 
tube,  the  opposite  end  of  which  is  provided  with  ■  convei  lena.  Thii 
l«iu  colt«t4  the  n^diTei^ing  rrom  the  Klit,aDd  throws  them  pJtrsllel 
upon  the  pTiini,p.  The  light  is  decomposed  by  the  priJ.m,  und  Ibe 
^idtrnm  thus  olibiined  observed  by  TneanE  of  the  teleicope,  which  may 
he  turned  round  [he  aiii  of  the  stand  carrying  the  priBOi.  Foreign 
light  ii  ejKluded  by  an  appropriate  eoi-erinir. 

The  limits  of  this  elementary  treatise  da  not  pennit  u>  to  deKrIbe 
the  ingenious  arrangements  which  haie  been  contrived  for  sending  the 
light  from  difieientsourc«  through  thesame  priim  at  diSereut  heights, 
whereby  their  spectra,  the  solar  spectrum  for  in^taore,  and  that  of  a 
fliUDe,  may  be  placed  in  a  pirsllel  position,  the  one  above  the  other,  and 
thus  be  compared.  The  spectra  of  flames  in  which  diflerent  substances 
are  volatilii<rd  frequently  eihibit  such  chsracleriitically  distinct  pheno- 
mena, that  they  may  be  used  with  the  i^realMt  odranlnge  for  the 
discrimination  of  these  tubatances.  Thus  the  spectrum  of  aflame  con- 
taining sodium  (Na]  exhibits  a  bright  line  on  the  yellow  poi-tioD,  the 
•pectmm  of  potaasiitm  a  characteristic  bright  line  at  the  eitreme  limit 
of  the  red,  and  another  one  at  the  opposite  violet  limit  of  the  spectriini. 
Lithium  (Li)  shows  a  bright  brilliant  line  in  the  red,  and  a  paler  line 
in  the  yellow  portion :  strontium  (Sr)  a  bright  line  in  the  blue,  one 
in  the  orrnge,  and  six  less  distinct  ones  in  the  red  portion  of  the  s^tec- 
trum.  The  diagnuo  (Fig.  52)  eihilrits  the  most  remarfcable  of  the 
dark  iioe*  (Frsaubofer*!  line),  and  the  positiou  of  the  bright  lines 
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in  the  spectrum  of  flames  containing  the  vapoura  of  componnds 
of  the  several  metals  enumerated. 

The  delicacy  of  these  spectral  reactions  is  verj  considerable,  bat 
unequal  in  the  case  of  different  metals.  The  presence  of  sboqIbbdo 
grain  of  sodium  in  the  flame  is  still  readily  recognizable  by  thebngnt 
yellovr  line  in  the  spectiiim.  Lithium,  when  introduced  in  the  form 
of  a  Tolatile  compound,  imparts  to  the  flame  a  red  colour ;  but  this 
coloration  is  no  longer  perceptible  when  a  volatile  sodium  compound  is 
simultaneously  present,  the  yellow  coloration  of  the  flame  prednmi- 
nating  under  such  circumstances.  On  the  other  hand,  when  a  mixture 
of  one  part  of  lithium  and  1,000  parts  of  sodium  is  volatilized  in 
a  flame,  the  spectrum  of  the  flame  exhibits,  together  with  the  bright 
yellow  sodium  line,  likewise  the  red  line  characteristic  of  lithium. 
The  observation  of  bright  lines  belonging  to  none  of  the  known  bodies 
has  led  to  the  discovery  of  new  elements.  Thus,  Bunseu  and  Kirch* 
hoff,  when  examining  the  spectrum  of  a  flame  in  which  a  mixture  of 
alkaline  salt  was  evaporated,  observed  some  bright  lines,  which  could 
not  be  attributed  to  any  of  the  known  elements,  and  were  led  in  this 
manner  to  the  discovery  of  the  two  new  metals  caesium  and  rubi- 
dium. By  the  same  method  a  new  element,  thallium,  was  latelj  dis- 
covered by  Mr.  Crookes. 

For  the  examination  of  the  bright  lines  in  the  spectra  of  metals,  the 
electric  spark,  passing  over  between  two  points  of  the  metal  under 
examination,  may  be  conveniently  employed  as  a  source  of  light.  i>Rmll 
quantities  of  the  metal  are  invariably  volatilized ;  and  the  spectrum 
developed  by  the  electric  light  exhibits  the  bright  lines  characteristic  of 
the  metal  employed,  which  had  been  seen  by  Wheatstone  as  early  as 
1835.  This  method  of  investigation  is  more  especially  applicable  for 
the  examination  of  the  speitra  of  the  heavy  metals. 

By  a  series  of  theoretical  considerations.  Professor  Eirchhoff  has 
arrived  at  the  conclusion  that  the  spectrum  of  an  incandescent  gas  is 
reversed — 1.«.,  that  the  bright  lines  become  dark  lines,  if  there  be 
behind  the  incandescent  gas  a  very  luminous  source  of  light,  which  by 
itself  furnishes  a  continuous  spectrum.  Kirchhotf  and  Bunsen  have 
fully  con fli-med  this  conclusion  by  experiment.  Thus  a  volatile  lithium 
salt  produces,  as  has  just  been  pointed  out,  a  very  distinct  bright  hne 
in  the  red  portion  of  the  spectrum ;  but  if  bright  sunlight,  or  the  light 
emitted  by  a  solid  body,  heated  to  the  most  powerful  incandescence,  be 
allowed  to  fall  through  the  flame  upon  the  prism,  the  spectrum  exhi- 
bits in  the  place  of  this  bright  line  a  black  line  similar  in  every  respect 
to  Fraunhoter's  lines  in  the  solar  spectrum.  In  a  like  manner  the  bright 
strontium  line  is  reversed  into  a  dark  line.  Kirchhofl^  and  Bunsen  have 
expressed  the  opinion  that  all  the  Fraunhofer  lines  in  the  solar  spectrum 
are  bright  lines  thus  reversed.  In  their  conception,  the  sun  is 
surrounded  by  a  luminous  atmosphere,  containing  a  certain  number 
of  volatilized  substances,  which  would  give  rise  to  the  generation  in  the 
strontium  of  certain  bright  lines  if  the  light  of  the  solar  atmosphere 
alone  could  reach  the  prism ;  but  the  intense  light  of  the  powerfully 
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iDCULdescent  body  of  the  sno  which  passes  through  the  solar  atmo- 
fiphere,  causes  these  bright  lines  to  be  revensed,  and  to  api)ear  as  dark 
lines  on  the  ordinary  solar  spectrum.  The  two  philosophers  repentedly 
BKntioned  haTe  thus  been  enabled  to  attempt  the  investigation  of  the 
dbcmiral  constituents  of  the  solar  atmoephere  by  ascertaining  the  ele- 
raeots  which,  when  in  the  state  of  incandescent  vapour,  develop  bright 
^lectral  lines,  coinciding  with  Fraunhoter*s  lines  in  the  solar  spectrum. 
Fnnnhofer's  line  D  (see  the  diagram,  fig.  52)  coincides  most  accurately 
with  the  bright  spectral  line  of  sodium,  and  may  be  artificially  pro- 
duct by  reversing  the  latter;  sodium  would  thus  appear  to  be  a 
eoDstitnent  of  the  solar  atmosphere.  Kirchhoflf  has  proved,  moreover, 
that  sixty  bright  lines  perceptible  in  the  specti'um  of  iron  c(>ri  espond, 
both  as  to  position  and  distinction,  most  exactly  to  the  same  number  of 
dark  lines  in  (he  solar  spectrum ;  and,  accordingly,  he  believes  iron, 
is  the  state  of  vapour,  to  be  present  in  the  solar  atmosphere.^  In  a  simi- 
lar manner  this  physicist  has  endeavoured  to  establish  the'piesenoe  of 
serecal  other  elements  in  the  solar  atmosphere. 

Ad  examination  into  a  peculiar  mode  of  analysis  of  light,  discovered 
by  Sir  John  Herschel,  in  a  solution  of  sulphate  of  quinine,  has  within 
the  last  few  years  led  to  the  discovery  of  a  most  remaikable  fact. 
Mr.  Stokes  has  observed  that  light  of  certain  refrangibility  and  coloiu* 
is  capaUe  of  expeiiencing  a  peculiar  influence  in  being  ditipejs^  by 
certain  media,  and  of  undergoing  thereby  an  alteration  of  its  refrangi- 
bility and  colour.     This  curious  change  can  be  produced  by  a  great 
number  of  bodies,  both  liquid  and  solid,  transparent  and  opaque.    Fr»> 
qaently  the  change  affects  only  the  extreme  limits,  at  other  times 
larger  portions,  and  in  a  few  cases  even  the  whole,  or,  at  all  events,  the 
major  pait  of  the  spectrum.     A  dilute  solution  of  sulphate  of  quinine, 
for  instance,  changes  the  violet  and  the  dark^blue  light  to  sky-blue;  by 
a  deooctiou  of  madder  in  a  solution  of  alum  all  rays  of  higher  refran- 
gil»lity  than  yellow  are  converted  into  yellow ;  by  an  alcoholic  solution 
of  the  colouring  matter  of  leaves  all  the  rays  of  the  spectrum  become 
red.    In  all  cases  in  which  this  peculiar  phenomenon  presented  itself  in 
a  greater  or  less  degree,  Mr.  Stokes  observed  that  it  consisted  in  a 
diminatioD  of  the  refrangibility.     Thus,  rays  of  ko  high  a  degree  of 
refrangibility,  that  they  exttfnd  far  beyond  the  extreme  limits  of  the 
spectrum  visible  under  ordinary  circumstances,  may  be  rendered  lumi- 
nous, and  converted  into  blue  and  even  red  light. 

A  ray  of  common  light  made  to  pass  through  certain  crystals  of  a 
particular  order  is  found  to  undergo  a  very  remarkable  change.  It 
becomes  split  or  divided  into  two  rays,  one  of  which  follows  the 
general  law  of  refraction,  and  the  other  takes  a  new  and  extraoidinary 
course,  dependent  on  the  position  of  the  ci'Ystal.  This  effect,  which  is 
called  double  refraction,  is  beautifully  illustrated  in  the  case  of  Iceland 
ipar,.  or  crystallized  carbonate  of  lime.  On  placing  a  rhomb  oi  this 
substance  on  a  piece  of  white  paper,  on  which  a  mmk  or  line  has  been 
made,  the  object  will  be  seen  double. 


72 


LIGHT. 


^^.64. 


Again,  if  a  tkj  of  light  be  suffered  to  Ml  on  a  plate  of  glass  at  an 
angle  of  56°  45',  the  portion  of  the  ray  which  suffers  reflection  will 
be  foand  to  have  acquired  properties  which  it  did  not  before  posseiv  ; 
for  on  throwing  it,  at  the  same  angle,  upon  a  second  glass  plate,  it  will 
be  observed  that  there  are  two  particular  positions  of  the  latter,  namelj, 
those  in  which  the  planes  of  incidence  are  at  right  angles,  when  the  Tajr 
of  light  is  no  longer  reflected  but  entirely  dispersed.  Light  which  has 
suffei'ed  this  change  is  said  to  be  polarized. 

The  light  which  passes  through  the  flrst  or  polarizing  plate  is,  also, 
to  a  certain  extent,  in  this  peculiar  condition,  and  by  employing  a  series 

of  similar  plates,  held  parallel  to  the  firsts 
this  effect  may  be  greatly  increased;  a 
bundle  of  fifteen  or  twenty  such  plates 
may  be  used  with  great  convenience  for  the 
experiment.  It  is  to  be  remarked,  also, 
tlmt  the  light  polarised  by  transmission 
in  this  manner  is  in  an  opposite  state  to 
that  polaiized  by  reflection ;  that  is,  when 
examined  by  a  second  or  analyzing  plate, 
held  at  the  angle  before  mentioned,  it  will 
be  seen  to  be  reflected  when  the  other  is 
transmitted,  and  to  be  dispersed  when  the 
flrst  is  reflected. 

it  is  not  every  substance  which  is  capable 
of  polarizing  light  in  this  manner ;  glass, 
water,  aud  certain  other  bodies  bring  about 
the  change  in  question,  each  having  a  particular  polarizing  angle  at 
which  the  effect  is  greatest.  The  metals  also  can,  by  reflection,  polarize 
the  light,  but  they  do  so  very  imperfectly.  The  two  rays  into  which  a 
pencil  of  common  light  divides  itself  in  passing  thraugh  a  doubly* 
refracting  crystal  are  found  on  examination  to  be  polarized  in  a  very 
complete  manner,  and  also  transversely,  the  one  being  cajiable  of  re- 
flection when  the  other  vanishes  or  is  transmitted.  It  is  said  that  both 
rays  are  polarized  in  opposite  directions.  With  a  rhomb  of  transparent 
Iceland  spar  of  tolerably  large  dimensbns  the  two  oppositely-polarized 
lays  may  be  widely  separated  and  examined  apart. 

There  is  yet  another  method  of  polaiization,  by  the  emplo3rment  of 
plates  of  the  mineral  tourmaline  cut  parallel  to  the  axis  of  the  crystal. 
This  body  polarizes  by  simple  transmission,  the  ray  falling  perpen- 
dicular to  its  surface;  a  part  of  the  light  is  absorbed,  and  the  re- 
mainder modifled  in  the  manner  described.  When  two  such  plates 
are  held  with  their  axis  paiiUlel,  as  in  fig.  55,  light  traverses  them 
both  fi-eely ;  but  when  one  of  them  is  turned  round  in  the  manner 
shown  in  the  second  cut,  so  as  tu  make  the  axes  cross  at  right  angles, 
the  light  is  almost  wholly  stopped,  if  the  tourmalines  be  good.  A 
plate  of  the  mineral  thus  becomes  an  excellent  test  for  discriminating 
between  polai'ized  light  and  that  which  has  not  undergone  the  change. 


Some  of  the  most  spleodid  phenomma  of  Ihe  m!™™  of 
oinlHifd  wheu  thin  plain  of  doub1;-r«fractiiif!  tubaUnca  i 
putd  between  the  polarizing  arrBsgement  and  tJia  anolyier. 


Inctnd  of  Ihe  lonnnaline  plale,  which  ii  ainijri  coloured,  frequent 
vr  ia  made  of  two  Nichol's  priam),  or  conjulned  priuni  of  carbonate  of 
linte,  which,  <a  coiueqaencs  of  ■  peculiar  cutiiag  and  combination, 
p  mm  I  the  property  of  ailoning  only  one  of  the  oppo^tely-polarlied 
nrs  to  pan.  If  tbe  two  Niclwt's  nrinm  ue  placed  one  behind  the 
oii»M-  ia  precisely  rimilar  positions,  the  light  polaviied  bj  the  one  goea 
tbnngh  the  other  unaltered.  But  when  one  priam  i*  slightly  tume.1 
round  in  its  letting,  a  doudines  i>  produced,  and  by  continuing  to  turn 
the  priim  this  increases  until  perfect  daikness  ensues.  This  happens, 
aa  with  the  tourmaline  plated,  when  the  two  prismn  croes  one  another. 
The  phenomennn  \i  the  same  with  cotourless  n>  with  coloured  tight. 

Sopporing  (hut  polariied  light,  coloured,  for  eiample,  by  going 
tbroDgh  a  plate  of  red  glass,  pawed  thrnugh  the  iirst  Nichol's  prism, 
and  wns  aiti^ether  obstructed,  in  consn^ueuce  of  the  position  of  the 
•ecood  prism,  then,  if  l>eEween  the  two  prisms  a  plate  of  rock-cryslal, 
fomted  bv  a  section  at  right  angles  lo  the  principal  aiia  of  the  crystal, 
is  interpOHd,  the  light  pohirized  by  the  tint  priam  by  luusing  through 
the  plate  of  quarta  is  enabled  partially  lo  pass  through  the  second 
Micboi's  prism.  Ila  passage  through  the  second  prism  can  then  spun 
be  interrupted  by  turning  Ihe  second  prism  round  to  a  certain  eittnt. 
The  rotation  required  raries  with  the  thickness  of  the  plate  of  rock- 
CTftlBl,  and  also  with  the  colour  of  ihe  light  that  is  employed.  It  in- 
CRSHc  from  red  in  the  following  order — yellow,  green,  blue,  violet. 

This  property  of  rock-cryslal  was  discoveied  by  Arago.  The  kind 
of  polaii»tion  ha»  been  calloJ  circular  polariration.  The  direction  of 
the  roIatioQ  is  with  many  plates  lowaiits  the  ri^t  hand ;  in  other 
pljW  it  ia  towaida  the  left.  The  one  claw  ia  said  to  poisrss  right- 
knded  polanzation  ;  the  oilier  class  left-handed  polaiiiation.  Al  pre- 
ml  only  very  few  other  crysUlline  componnds  are  known  lo  possess  the 
woierlT  of  circular  polariiation  eren  in  a  slight  degrte ;  among  these 
ue  chlorate  and  bromale  of  soda. 
Bkrt  obner^ed  thai  many  solutions  of  organic  substancei  eihibn  the 
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property  of  circular  polArization,  though  to  a  far  less  extent  than  rock- 
crystHl.  Thiw,  solutions  of  cane-su|irar,  glucose,  and  tartaric  acid« 
possess  right-handed  polarization ;  whilst  albumen,  uncrystalUzabie 
sugar,  and  oil  of  tui*pentine  are  left-handed.  In  all  tiiew  qolutions  the 
amount  of  circular  polarization  increases  with  the  concentration  of  the 
fluid  and  tiie  thickness  of  the  column  of  liquid  through  which  the  lij^ht 
passes.  Hence  circular  polarization  is  an  important  auxiliarj  i 
chemical  analysis.  In  order  to  determine  the  amount  of  polarization 
which  any  fluid  exhibits,  the  liquid  is  put  into  a  glass  tube  not  less 
than  from  ten  to  twelve  Inches  long,  which  is  clos«^  with  glass  plate!«« 


Fig.  51. 


'■■'■'■■■■'■'[toM\ll[i,W(^^ 


This  is  then  placed  between  the  two  Nichors  prisms,  which  have  pre- 
viously been  so  arranged  with  regard  to  each  other  that  no  light  could 
pass  through.    An  appai-atus  of  this  description,  the  saccharometei'. 
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iscUefly  used  for  detennining  the  conceutratioa  of  solutions  of  caue- 

The  form  of  this  instrament  maj  be  seen  in  the  fig.  57.  The  two 
lSkhot*s  prisms  are  encloaed  in  the  corresponding  fastenings  a  and  b* 
Bdv^n  t^e  two  there  is  a  space  to  receive  the  tube  which  is  hUed 
vith  the  solution  of  sugar.  If  the  prisms  are  crossed  in  tlie  way  men« 
|MHied  above  before  the  tube  is  put  in  its  place,  that  is,  if  they  aie 
placed  so  that  no  light  passes  them,  by  the  action  of  the  solution  of 
ss^sr  the  light  is  enabled  to  pass,  and  the  Nichol's  pri^m,  for  instance, 
0,  most  be  turned  through  a  certain  angle  before  the  light  is  again  pei^ 
feetly  stopped.  The  magnitude  of  this  angle  is  observed  on  the  circular 
iiiks  5,  which  is  divided  into  degrees,  and  upon  which,  by  the  turning 
of  tbe  prism,  an  index  z  is  nooved  along  the  division.  When  the  tube 
is  exactly  tea  inches  long,  and  is  clo^d  at  both  ends  by  flat  glass 
flates,  and  when  it  is  filled  with  solution  containing  ten  per  cent,  by 
weight  of  cane-sugar,  and  free  from  any  other  substance  possessing  an 
ictioa  on  light,  the  ai^le  of  rotation  is  13*35.  t>ince  the  magnitude 
oC  this  angle  stands  in  direct  relation  to  the  length  of  the  column  of 
fluid  and  also  to  the  quantity  of  sugar  in  solution,  it  is  clear  tluit  the 
qoantitj  of  sugar  in  any  given  solution,  when  the  length  of  the  column 
of  flaid  is  /  inches,  and  the  angle  of  rotation  is  a  degrees,  can  be  detei- 

mined  by  the  equation  z  =  -    ^ 

This  process  is  not  sufficient  when  the  solution  contains  cane-sugar 
and  rmcrystallizabie  sugar  ;  for  the  latter  rotates  the  ray  to  the  left ; 
then  only  the  difference  of  the  two  actions  is  obtained.     But  if  the 
whole  quantity  of  sugar  be  changed  into  uncrystallizable  sugar,  and 
the  experiment  be  repeated,  from  the  results  of  the  two  observations 
the  quantity  of  both  kinds  of  sugar  can  easily  be  calculated.     It  is 
difficult  to  find  exactly  that  position  of  the  Kichors  prisms  in  which 
the  greatest  darkness  prevails.     To  make  the  noeasurements  more  exact 
and  ea^j,  Soleil  has  made  some  additions  to  the  apparatus.     At  q 
before  the  prism  6,  a  plate  of  rock-crystal  cut  at  right  angles  to  the 
axis  is  placed.     It  is  divided  in  the  centre  of  the  field  of  vision,  halt 
consisting  of  quartz,  rotating  to  the  right  hand,  and  half  of  the  variety 
that  rotates  to  the  left ;  it  is  0*148  inch  (3*75  millimetre)  thick ; 
this  thickness  being  found  by  experiment  to  produce  the  greatest  dif- 
ference in  the  colour  of  the  two  halves,  when  one  prism  is  slightly 
rotated.     The  solution  of  sugar  has  precisely  the  same  action  on  the 
rotation,  since  it  increases  the  action  of  the  half  which  has  a  right- 
handed  rotation,  and  lessens  the  action  of  the  half  which  rotates  to  the 
left.    Hence  the  two  halves  will  assume  a  different  (x>lour  when  tbe 
smallest  quantity  of  sugar  is  present  in  the  fluid.    By  slightly  turning 
the  Nichol's  prism  a,  this  difference  can  be  again  removed.    Soleil  has 
iotrodaced  another  more  delicate  means  of  eating  this  at  the  part  /, 
which  he  calls  the  compensator.     The  most  imfiortant  parta  of  this 
are  separately  represented  in  fig.  57.     It  oonsista  of  two  exactly  equal 
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right-angled  prisms,  of  lefl-handed  quartz,  whose  snrTfloes,  c^  nnd  c^ 
are  cut  perpendicular  to  the  optic  axis.  These  prisms  can,  bj  means 
of  the  screw  v  and  a  racic  and  pinion,  be  made  to  slide  on  one  another, 
80  that,  when  taken  together,  they  form  a  plate  of  varying  thickness, 
bounded  by  parallel  surfaces.  One  of  the  frames  has  a  scale  /,  the 
other  a  vernier  n.  When  this  points  to  zero  of  the  scale,  the  optical 
action  of  the  two  prisms  is  exactly  compensated  by  a  right-handed 
plate  of  rock-crystal,  so  that  an  effect  is  obtained  as  r^r^  circular 
polarization,  as  if  the  whole  system  were  not  present.  As  soon, 
however,  as  the  screw  is  moved,  and  thus  the  thickness  of  the  plate 
formed  by  the  two  prisms  is  changed,  we  will  suppose  it  increased, 
then  a  lefl>4ianded  action  ensues  which  must  be  properly  regulated, 
until  it  compensates  the  opposite  action  of  a  solution  of  sugar.  Thus 
a  convenient  method  is  obtained  of  rendering  tiie  colour  of  the  double 
plate  unifoim,  when  it  has  ceased  to  be  so  in  consequence  of  the  action 
of  a  solution  of  sugar. 

Faraday  has  made  the  remarkable  discovery  that  if  a  very  strong^ 
electric  current  is  passed  round  a  substance  which  possesses  the  pro- 
perty of  circular  polarization,  the  amount  of  rotation  is  altered  to  a 
considerable  d^-ee. 

The  luminous  rays  of  the  sun  are  accompanied,  as  already  men- 
tioned, by  others  which  possess  heating  powers.  If  the  temperatur<e 
of  the  different-coloured  spaces  in  the  spectrum  be  tried  with  a  deli- 
cate thermometer,  it  will  be  found  to  iocrense  from  the  violet  to 
the  ihhI  extremity,  and  when  the  prism  is  of  some  particular  kinds 
of  glass,  the. greatest  effect  will  be  manifested  a  little  beyond  the 
visible  i-ed  ravs.  It  is  inferred  from  this  that  the  chief  mass  of  the 
heating  rays  of  the  sun  are  among  the  least  refi-angible  componoits  of 
the  solar  beam. 

Again,  it  has  long  been  known  that  chemical  changes  both  of  com- 
bination and  of  decomposition,  but  more  particularly  the  latter,  could 
be  effected  by  the  action  of  light.  Chlorine  and  hydrogen  combine  at 
common  temperatures  only  under  the  influence  of  light,  and  parallel 
cases  occur  in  great  numbers  in  organic  chemistry  ;  the  blackening  and 
decomposition  of  salts  of  silver  are  familiar  instances  of  the  chemical 
powers  of  the  same  agent.  Now,  it  is  not  always  the  luminous  part 
of  the  ray  which  effects  these  changes ;  they  are  chiefly  prodaced  by 
certain  invisible  rays,  accompanying  the  others,  and  which  ai'e  found 
roost  abundantly  beyond  the  violet  part  of  the  spectrum.  It  is  there 
that  certain  chemicaJ  effects  are  most  marked,  although  the  intensity  of 
the  light  is  exceedingly  feeble.  From  the  fact  that  some  salts  of  silver 
are  less  readily  decomposed  by  the  luminous — ^yellow,  orange,  and  red 
rays — than  by  certain  rays  which  extend  beyond  the  ordinary  visible 
spectrum,  it  has  been  concluded  tliat  there  exists  in  the  sunbeam,  in 
addition  to  heat  and  light,  a  principle  having  a  distinct  action,  to  which 
the  provisional  tei*m  actinism  has  been  given— fiY>m  kteriw,  a  ray.  The 
actinic  rays  are  thus  directly  opposed  to  the  heating  rays  in  the  common 
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spectrnm  in  their  degree  of  refraDgibility,  sinoe  they  exceed  all  the 
at^  ID  this  respect.  The  lumioous  rays,  too,  under  peculiar  oou- 
StioMf  exert  deoomposing  powers  upon  salts  of  silver.  The  result  of 
tk  action  of  any  ray  depends,  moreover,  greatly  on  the  physical  state 
oTthe  fur&oe  upon  which  it  falls,  and  on  the  chemical  constitution  of 
tke  body ;  indeed,  for  every  kind  of  rays  a  substance  may  be  found 
vbich  under  particular  circumstances  will  affect  it,  and  thus  it  appears 
dot  the  chemical  functions  are  by  no  means  confined  to  any  set  of  rays 
to  ihe  exclusion  of  the  rest. 

rpon  the  chemical  changes  produced  by  light  is  based  the  art  of 
fkotojn^y.  In  the  year  1802,*  Mr.  Thomas  Wedgwood  proposed 
1  i&ethod  of  copying  paintings  on  glass  by  placing  behind  them  white 
paper  or  leather  moistened  with  a  solution  of  niU'ate  of  silver,  which 
became  decomposed  and  blackened  by  the  transmitted  light  in  propor- 
ttoQ  to  the  intensity  of  the  latter ;  and  Davy,  in  repeating  these  experi- 
neots,  found  that  he  could  thus  obtain  tolerably  accurate  repreaenta- 
^u^  of  objects  of  a  textiire  partly  opaque  and  partly  tranjiparent,  such 
» leaves  and  the  wings  of  insects,  and  even  copy  with  a  certain  degree 
<^»aooefi3  the  images  of  small  objects  obtained  by  the  solar  microscope. 
These  pictures,  however,  required  to  be  kept  in  the  dark,  and  could 
only  be  examined  by  candle>light,  otherwise  they  became  obliterated 
bf  the  blackening  of  the  whole  surface  from  which  the  salt  of  silver 
could  not  be  removed.  These  attempts  at  light-painting  attracted  but 
iittle  notice  till  the  publication  of  Mr.  Fox  Talbot'sf  papers,  read  be- 
^  the  Royal  Society,  in  January  and  February,  1839,  in  which  he 
if^\«A.  two  methods  of  fixing  the  pictures  produced  by  the  action  of 
%ht  on  paper  impr^nated  with  chloride  of  silver,  and  at  the  same 
tii&e  described  a  plan  by  which  the  sensibility  of  the  prepared  paper 
iQ&y  be  increased  to  the  extent  required  for  receiving  impressions  Irom 
the  unages  of  the  camera  obscura. 

Veiy  shortly  afterwards.  Sir  John  Herschel^  proposed  to  employ 
vAuti^ons  of  the  alkaline  hyposulphites  for  removing  the  excess  of 
blonde  of  silver  from  the  paper,  and  thus  preventing  the  farther 
ictJoa  of  light ;  and  this  plan  has  been  found  exceedingly  sucoess- 
fal.  The  greatest  improvement,  however,  which  the  curious  ait  of 
pbotcgenic  drawing  has  received,  is  due  to  Mr.  Talbot, §  who,  in  a 
cotnmunicatioii  to  the  Koyal  tJociety,  described  a  method  by  which 
paper  of  such  sensihtlity  could  be  piepai*ed  as  to  peimit  its  appli- 
lation  to  the  taking  of  portraits  of  living  persons  by  the  aid  of  a  good 
camera  obscura,  the  time  required  for  a  perfect  impression  seldom 
cnxeding  a  few  seconds.  The  general  plan  at  present  in  use  is  the 
following  :~- 

Writiog-paper  of  good  quality  is  washed  on  one  side  with  a  solution 
of  thij-ty  gi^Eiins  ot  nitrate  of  silver  in  one  ounce  of  distilled  water,  and 

•  lonrnal  of  the  Royal  Institution,  i.  170.        +  Phil.  Mag ,  March.  1839. 
X  PluL  Iraua.  Jor  ia40,  p.  U  i  PhiL  Mag.,  August,  1S41 .    - 
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then  left  to  dry  spontaneously  in  a  dark  room ;  when  dry,  it  is  im^ 
inersed  for  from  five  to  ten  minutes  in  a  solution  of  one  ounce  of  iodide 
of  potassium  in  twenty  oances  of  water.  The  paper  is  then  soaked  in 
crater  for  half  an  hour,  changing  the  water  three  or  four  times  4o 
remore  the  excess  of  iodide  of  potassium,  and  is  then  dried.  These 
operations  should  be  performed  by  candle-light.  When  required  for 
use,  the  paper,  thus  coated  with  yellow  iodide  of  silver,  is  brushed  over 
with  a  solution  made  by  adding  together  one  part  of  a  solution  of 
nitrate  of  silver,  fifty  grains,  to  an  ounce  of  water ;  two  parts  glacial 
acetic  acid,  and  three  parts  of  a  saturated  solution  of  gallic  acid ;  after 
a  few  seconds  the  excess  is  removed  by  blotting-paper.  This,  w^hicfa  is 
called  Talbotype  or  Caiotype  paper,  is  now  ready  for  use  ;  exposure  to 
diffused  daylight  for  one  ssecond  suffices  to  make  an  impression  upon  it, 
and  even  the  light  of  the  moon  produces  the  same  eflect,  although  a 
much  longer  time  is  required.  For  landscapes  and  fixed  objects,  and 
when  the  paper  is  required  to  be  prepared  long  beforehand,  the  above 
mixture  of  **  goUh-nitrate  '*  should  be  diluted  with  from  twenty  to 
fifty  volumes  of  water,  since,  especially  in  hot  weather,  without  this 
precaution  the  paper  blackens  spontaneously. 

The  images  of  the  camera  obscura  are  at  first  inyi&ible,  bot  are 
made  to  appear  in  full  intensity,  by  once  more  washing  the  paper  with 
a  mixture  of  one  part  of  the  silver  solution  (.fifty  grains  to  an  ounce  of 
water)  and  four  i>arts  of  the  saturated  solution  of  gallic  acid.  The 
development  of  the  image  soon  commences,  and  should  i<each  its  maxi« 
mum  iu  a  few  minutes. 

The  picture  is  of  course  negative,  the  lights  and  shadows  being 
reversed ;  to  obtain  positive  copies  nothing  more  is  necessary  than  to 
place  a  piece  of  photographic  paper  pi^epared  with  chloride  of  silver,  or 
a  piece  of  talbotype  paper,  beneath  the  negative  cover,  to  press  the  two 
papers  in  contact  by  means  of  a  glass,  and  to  expose  the  whole  to  the 
light  of  the  sun  for  a  short  time,  or  longer  to  diffused  daylight. 

Before  this  can  be  done,  the  negative  must,  however,  be  fixed,  others 
wise  it  will  blacken :  this  is  done  temporarily  by  washing  with  a  solu* 
tiou  of  bromide  of  potassium,  ten  grains  in  an  ounce  of  water,  and  then 
rinsing  in  common  water.  The  ultimate  fixing  is  effected  by  immersion 
in  a  solution  of  one  pail  of  hyposulphite  of  Mxla,  in  from  four  to  tea 
parts  of  water :  the  weaker  solution  should  be  used  hot,  about  1 80^ 
(82^*220),  and  the  immersion  continued  until  the  yellow  tint  arising 
from  the  undecom posed  iodide  diinppears  :  finally,  repeatedly  wuhtng 
in  hot  water,  drying,  and  saturating  with  white  wax  terminates  the 
process. 

The  positives  are  also  fixed  by  h}'posu1phite  of  soda,  by  cyanide  of 
potassium,  or  by  ammonia;  all  of  which  act  by  removing  the  unde- 
composed  chloride  of  silver.  The  conservation  of  the  positive  is  a  point 
of  difficulty.  Mr.  Malone  recommends  immersion  in  a  strong  solution 
of  caustic  potassa,  heated  to  about  180°  (82°-22C) ;  a  change  of  tint 
ensues,  and  greater  permanence  is  acquired.    After  removal  of  the 
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iliili'  and  any  salphur  and  chlorine  oompoiinds  present,  the  picture 
ibooid  be  sized  and  hot-pressed,  or  varnished,  keeping  the  finished 
poof  most  carefnlly  eicladed  from  sulphuretted  yapours. 

Si  John  Herschel  has  shown  that  a  great  number  of  other  sub- 
(tuoei  can  be  employed  in  these  photographic  processes  by  taking 
idraatage  of  the  singular  deoxidizing  effects  of  ceiiain  portions  of  the 
aoJar  rays.  Paper  washed  with  a  solution  of  a  salt  of  sesquiozide  of 
inn  becomes  capable  of  receiring  impressions  of  this  kind,  which  may 
afterwards  be  made  erident  by  ferricyanide  of  potassium,  or  ter- 
dikvide  of  gold.  Vegetable  colours  are  also  acted  upon  in  a  very 
curious  and  apparently  definite  manner  by  the  different  parta  of  the 
ipeetruoi.* 

The  d^^nscn'^eGtype,  the  announcement  of  which  was  first  made  in 
the  smnmer  of  1839,  by  M.  Daguerre,  who  had  been  occupied  with 
this  subject  fh>m  1826,  if  not  earlier,  is  another  remarkable  instance  of 
the  decomposing  effects  of  the  solar  raya.  A  clean  and  highly-polished 
plate  of  silvered  copper  is  ezposed  for  a  certain  period  to  the  vapour 
of  iodine,  and  then  transported  to  the  camera  obecura.  In  the  most 
improved  state  of  the  process,  a  very  short  time  suffices  for  effecting 
the  necessary  change  in  the  film  of  iodide  of  silver.  The  picture, 
hovever,  only  becomes  visible  by  exposing  it  to  the  vapour  of  mercury, 
vhich  attaches  it^f,  in  the  form  of  ezceediugly  minute  globules,  to 
thoce  parts  which  have  been  most  acted  upon,  that  is  to  say,  to  the 
lij^ts,  the  shadows  being  formed  by  the  dark  polish  of  the  metallic 
P^te.  Lastly,  the  drawlug  is  washed  with  a  solution  of  hyposulphite 
of  loda  to  remove  the  undecomposed  iodide  of  silver,  and  render  it 
permanent. 

The  images  of  objects  thus  produced  bear  the  most  minute  examina- 
^  with  a  magnifving-glass,  the  smallest  details  bemg  depicted  with 
perfect  lidelHy. 

Great  improvements  have  been  necessarily  made  in  the  application 
^  this  beautiftil  art  to  taking  portraits.  By  the  joint  use  of  bromine 
and  iodine  the  plates  are  rendeied  far  more  sensitive,  and  the  time  of 
BtUi^  is  shortened  to  a  very  few  seconds.  When  the  operation  is  com- 
peted, the  colour  oi  the  plate  is  much  improved  by  the  defKsition  of 
VI  exceedingly  thin  film  of  gold,  which  communicates  a  warm  purplish 
^t,  and  removes  the  previous  dull  leaden-grey  hue,  to  most  persons 
^«ry  offensive. 

The  difficulty  of  obtaining  good  paper  for  the  talbotype  has  led  to 
the  invention  of  various  substitutes :  albumen  on  glass  and  co^hdion  are 
^ued  with  success ;  a  soluble  iodide,  or  some  analogous  salt^  is  mixed 
with  either  liquid,  and  applied  to  a  glass  or  porcelain  plate,  dried,  and 
inuner^  in  a  solution  of  nitrate  of  silver;  thus  a  senniUve  coating  is 
formal  upon  which  the  images  of  the  camera  or  microscope  are  tiirown, 
and  developed  by  subsequent  treatment  with  deoxidizing  agents — eithei* 

•  Phil.  Trans.  1842.  p.  1. 
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pyiXHgallic  add,  gallic  add,  or  a  salt  of  protoxide  of  iron  may  be  used. 
The  fixing  is  accomplished  by  hyposulphite  of  soda.  The  resalt  i« 
either  negative  or  positive  at  the  will  of  the  operator.  The  proofs  on 
porcelain  or  glass  may  be  burned  in,  and  perhaps  thus  rendered  inde- 
structible  by  time. 

Etching  and  lithographic  processes,  by  combined  chemical  and  pho* 
tographic  agency,  promise  to  be  of  considerable  utility.    The  earliest  is 
that  of  Niepce :  he  applied  a  bituminous  coating  to  a  metal  plate,  upon 
which  an  engraving  was  superimposed.     The  light  being  thus*  partially 
interrupted  acted  unequally  upon  the  varnish ;  a  liquid  hydro-carbon 
petroleum  used  as  a  solvent  removed  the  bitumen  wherever  the  light 
had  not  acted ;    an  engraving  acid  could  now  bite  the  unprotected 
metal,  which  could  eventually  be  printed  from  in  the  usual  way. 
Dr.  Donne'  and  Dr.  Beires,  by  submitting  the  dagueiTeotype  to  the 
action  of  nitric  acid  and  its  vapour,  obtained  etchings  from  which 
proofs  could  ba  taken.     Mr.  Grove,  by  using  chlorine  evolved  by 
voltaic  agency,  succeeded  in  obtaining  a  more  manageable  process : 
very  successful  results  have  also  been  obtained  by  M.  Kizeau,  who 
submits  the  dng,uerreotype  to  the  action  of  a  mixture  of  dilute  nitric 
acid,  common  salt  and  nitrate  of  potassa,  when  the  silver  only  is  attacked, 
the  merculiarized  portion  of  tht;  image  resisting  the  add ;  an  etching 
is  thus   obtained  following  minutely  the  lights  and  shadows  of  the 
picture.     To  deepen  this  etching,  the  chloride  of  silver  formed  is  re- 
moved by  ammonia,  the  plate  is  boiled  in  caustic  potassa  and  again 
treated  with  add,  and  so  on  till  the  etching  is  of  suflSicient  depth.     In 
extreme  cases  electro-gilding  is  resorted  to,  and  an  engraving  add  used 
to  get  still  more  powerful  impressions. 

Among  the  latest  results  are  those  obtained  by  Mr.  Talbot  on  steel 
plates :  he  uses  a  mixtura  of  bichromate  of  potassa  and  gelatine,  which 
hardens  by  exposure  to  the  light ;  the  parts  not  affected  are  removed 
by  washing :  bichloride  of  platinum  is  used  as  an  etching  liquid ;  it 
has  the  advantage  of  biting  with  greater  regularity  than  nitric  acid. 

The  bitumen  process  of  M.  Niepce  has  been  applied  to  lithogmphic 
stone;  and  positives  obtained  from  negative  talbotypes  have  been 
printed  off  by  a  modification  of  the  ordinary  lithographic  pix>ceB. 
M.  Niepce  finds  that  ether  dissolves  the  altei*ed  bitumen,  while 
ooaUtar  naphtha,  or  benzol,  attacks  by  preference  the  bitumen  in  its 
normal  condition. 
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RADIATION,  REFLECTION,  ABSORPTION,  AND 
TRANSMISSION  OF  HEAT. 


BADIATION  OF  HEAT. 

If  aied-hot  Inll  be  placed  upon  a  metallic  support,  and  left  to  itself, 
cooling  immediately  oommenoeB,  and  only  stops  when  the  temperature 
of  the  ball  is  reduced  to  that  of  the  surrounding  air.  This  efiect  takes 
place  in  three  ways :  heat  is  conducted  away  from  the  ball  through  the 
afastance  of  the  support ;  another  portion  is  removed  by  the  oonveo- 
tiTe  power  of  the  air  ;  and  the  residue  is  thrown  off  from  the  heated 
body  in  stndght  lines  or  rays,  which  pass  through  air  without  inter- 
nqi^ioD,  and  become  absorbed  by  the  sur&ces  of  neighbouring  objects 
which  happen  to  be  presented  to  their  impact. 

This  radiant  or  radiated  heat  resembles,  in  very  many  respects, 
oidisary  light ;  it  suffers  reflection  from  polished  surfaces  according  to 
the  same  law ;  it  is  by  dull  and  rough  sur&ces  partly  reflected,  partly 
absorbed;  it  moves  with  extreme  velocity;  and  Anally,  it  traverses 
oeitadn  transparent  media,  undergoing  refraction  at  the  same  time,  in 
obedience  to  the  laws  which  regulate  that  phenomenon  in  optics. 

The  fiict  of  the  reflection  of  heat  may  be  very  easily  proved.  If  a 
pemn  stand  before  a  fire  in  such  a  position  that  his  face  may  be 
*ci^Kned  by  the  mantelshelf,  and  if  he  then  take  a  bright  piece  of  metal, 
S3  t  sheet  of  tinned  plate,  and  hold  it  in  such  a  manner  that  the  fire 
'B&y  be  seen  by  reflection,  at  the  same  moment  a  distinct  sensation  of 
beat  will  be  felfc. 

The  apparatus  best  fitted  for  studying  these  facts  consists  of  a  pair 
oif  concave  metallic  mirrors  of  Uie  form  c^ied  parabolic.  The  parabola 
tt  a  curve  possessing  vary  peculiar  propeities,  one  of  the  most  promi- 
MDt  being  the  following : — A  tangent  drawn  to  any  pai  t  of  the.  curve 
^■■^es  equal  angles  with  two  lines,  one  of  which  proceeds  from  the 
point  where  the  tangent  touches  the  curve  in  a  direction  parallel  to 
vhat  is  called  the  axis  of  the  parabola,  and  the  other  from  the  s»me 
^pot  through  a  point  in  front  of  the  curve  called  the  focus.  It  results 
from  this  that  parallel  rays,  either  of  light  or  heat,  falling  upon  a  mir- 
^f  of  this  particular  curvature  in  a  direction  parallel  to  the  axis  of 
the  pllmbok^  will  be  all  reflected  to  a  single  point  at  the  focus ;  and 
^79  diverging  from  this  focus,  and  impinging  upon  the  mirror  will, 
^r  reflection,  become  parallel  (fig.  58). 

For  practiced  purposes  the  parabolic  reflector  is  generally  replaced  by 
>  spherical  mirror  of  considerable  radius  of  cuiTature.  The  line  drawn 
from  the  centre  of  the  curvature  to  the  middle  of  the  reflector,  t.  e.,  the 
'sdius  of  the  sphere,  is  the  principal  axis,  and  the  middle  of  this 
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radius  is  the  focus  of  the  spherical  reflector.      This  focns   exhfbifs 

uearlj  oil  the  characters  of  the  focus 
of  a  parabolic  reflector.  The  spheri* 
cal  reflector  is  much  more  easily  con- 
structed than  the  parabolic ;  it  has, 
moreover,  the  advantage  that  every 
line  drawn  from  the  centre  of  the 
curvature  towards  the  surface  of  the 
mirror  may  be  looked  upon  as  an  axin, 
(collateral  axis)  and  the  middle  of* 
such  line  as  a  focus  (collateral  focus}, 
and  used  as  such. 

If  two  such  mirrors  he  placed 
opposite  to  each  other  at  a  consider- 
able distance,  and  so  adjusted  that 
thejr  axes  shall  be  coincident,  and  a 
hot  body,  placed  in  the  focus  of  the 
one,  while  a  thermometer  occupies  that  of  the  other,  the  reflection  of 
the  rays  of  heat  will  become  manifest  by  their  efl^ect  upon  the  inatru- 
ment.  In  this  manner,  with  a  pair  of  by  no  means  very  perfect 
mirrors,  18  inches  in  diameter,  separated  by  an  interval  of  20  feet  or 
more,  amadou  or  gunpowder  may  be  really  fired  by  a  red-hot  boll 
in  the  focus  of  the  opposite  minx)r  (fig.  59). 


The  power  of  radiation  varies  exceedingly  with  difl^erent  bodies,  as 
may  be  easily  proved.  If  two  similar  vessel;  of  equal  ciipacity  be  con- 
structed of  thin  metal,  and  the  surface  of  one  be  highly  polisht^,  while 
that  of  the  other  is  covered  with  lampblack,  and  both  filled  with  hot 
water  of  the  same  temperature,  and  their  rate  of  cooling  obseiTed  from 
time  to  time  with  a  thermometer,  it  will  be  constantly  found  that  the 
blackened  vessel  loses  heat  much  faster  than  the  one  with  bright  sur^ 
faces ;  and  sinoe  both  are  put  on  a  footing  of  equality  in  other  respects, 
this  difference,  which  will  of^en  amount  t«  many  degrees,  must  be 
ascribed  to  the  superior  emissive  power  of  the  film  of  soot. 

By  another  arrangement,  a  numerical  comparison  can  be  made  of 
these  diflerences.    A  cubical  metallic  vessel  is  prepared,  each  of  whose 
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is  in  a  diffisrait  coDdition,  one  being  polished,  another  rough,  a 
third  covered  with  kunpblack,  &e.  The  vessel  is  filled  with  water, 
kept  comitanUy  at  212<^  (100^)  by  a  unaU  steam-pipe.  Each  of  its 
uie&  is  then  presented  in  succession  to  a  good  concave  mirror,  having 
in  its  Ibcaa  one  of  the  bulbs  of  the  diiierential  theimometer  before 
desdilied  (fig.  21),  the  bulb  itself  being  blackened.  The  effect  pro- 
doeed  on  this  instrument  is  taken  as  a  measure  of  the  oomparative 
radiating  powers  of  the  different  surfaces.  Sir  John  Leslie  obtained 
bf  tiiia  method  of  experiments  the  following  results : 


Emiflsive  power. 
Lampblack    .        .  100 
Writing-paper  .         98 
Glass  .         .         .90 
Graphite  •        .         75 


ESmisslve  power. 
Tarnished  lead  .        45 
Clean  lead    .         .     19* 
Polished  iron    .         15 
Polished  silver      .     12 


The  best  reflecting  sur&ces  are  always  the  worst  radiators ;  polished 
reflects  nearly  all  the  heat  that  falls  upon  it,  while  its  radiating 
]«iwer  is  the  feeblest  of  any  substance  tried,  and  lampblack,  which 
redials  nothing,  radiates  most  perfectly. 

The  power  of  absorUng  heat  is  in  direct  proportion  to  the  power  of 
emission.  The  polished  metal  mirror,  in  the  experiment  with  the 
r(%d-hot  bell,  remains  quite  cold,  although  only  a  few  inches  from  the 
latter ;  or,  aguu,  if  a  piece  of  gold  leaf  be  laid  upon  paper,  and  a 
heated  iron  held  over  it  until  the  paper  is  completely  scorched,  it  will 
be  found  that  the  tilm  of  metal  has  perfectly  defended  that  ()ortion 
beneath  it. 

The  faculty  of  absorption  seems  to  be  a  good  deal  influenced  by 
colour.  Dr.  Franklin  found  that  when  pieces  of  cloth  of  various  colours 
were  placed  on  snow  exposed  to  the  feeble  sunshine  of  winter,  the 
snow  beneath  became  unequally  melted,  the  effect  being  always  in  pro- 
portion to  the  depth  of  the  colour ;  and  Dr.  Stark  has  since  obtained  a 
similar  result  by  a  different  method  of  experimenting.  According  to  the 
late  researches  of  Melloni,  this  effect  depends  less  on  the  colour  than  on 
the  nature  of  the  colouring  matter  which  covers  the  sur&ce  of  the 
doth. 

These  facts  afford  an  explanation  of  two  very  interesting  and  impor- 
tant natural  phenomena,  namely,  the  origin  of  dew,  and  the  cause  of 

*  The  supposed  Influence  of  mere  difference  of  surface  baa  been  called  In 
question  by  M.  MeUonl,  who  attributes  to  other  causes  the  effects  observed  by 
Sir  John  Leslie  and  others,  among  which  superficial  oxidation  and  di£Ferences 
of  pbysioal  condition  with  req>ect  to  hankkeas  and  density  are  among  the 
most  important  With  metals  not  sul^ect  to  tarnish,  scratching  the  surface 
iwmues  the  emissive  power  when  the  plates  have  been  rolled  or  hammered, 
!.&,  are  in  a  compressed  state,  and  diminishes  lt«  on  Uie  contrary,  when  the 
metal  has  been  cast  and  carefully  polished  without  burnishing.  In  the  case  of 
Ivory,  marble,  and  jet,  where  compression  cannot  take  place,  no  difference  is 
pereeptible  in  the  radiating  power  of  polished  and  rough  surfaces.— Ann.  Chim. 
et  Fbya,  Ixx.  435. 
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the  land  and  sea  breezes  of  tropical  countries.  While  the  ean  remains 
above,  the  horizon,  the  heat  radiated  by  the  natare  of  the  earth  into 
space  is  compensated  bj  the  absorption  of  the  solar  beams  ;  but  when 
the  sun  sets,  and  the  supply  ceases,  while  the  emission  of  heat  goes  on 
as  actively  as  before,,  the  surface  becomes  cooled  until  its  tempei-atnre 
sinks  below  that  of  the  air.  The  air  in  contact  with  the  earth  of  coarse 
participates  in  this  reduction  of  temperatin-e ;  the  aqueous  vapour  pre- 
sent speedily  reaches  its  point  of  maximum  density,  and  then  begins 
to  deposit  moisture,  whose  quantity  will  depend  upon  the  proportion 
of  vapour  in  the  atmosphere,  and  on  the  extent  to  which  the  cooling 
process  has  been  carried. 

It  is  obeeiTcd  that  dew  is  most  abundant  in  a  dear  calm  night, 
succeeding  a  hot  day :  under  these  circumstances  the  quantity  of  rapour 
in  the  air  is  usually  very  great,  and  at  the  same  time  radiation  pro- 
ceeds with  most  facilily.  At  such  times  a  thermometer  laid  on  the 
ground  will,  after  some  time,  indicate  a  temperature  of  10°  (5°*5C), 
15°  (8°-3C),  or  even  20°  (U°-1C)  below  that  of  the  air  a  few  feet 
higher.  Clouds  hinder  the  formation  of  dew,  by  reflecting  back  to  the 
earth  the  heat  radiated  from  its  surface,  and  thus  pi^voiting  the  neces- 
sary reduction  of  temperature ;  and  the  isame  effect  is  produced  by  a 
screen  of  ihe  thinnest  material  stretched  at  a  little  height  above  the 
ground.  In  this  manner  gardeners  often  preserve  delicate  plants  from 
d^truction  by  the  frosts  of  spring  and  autumn.  The  piercing  cold  felt 
just  before  and  at  sunrise,  even  in  the  height  of  summer,  is  the  con- 
sequence of  this  refrigeration  having  reached  its  maximum. 

Wind  also  effectually  prerentb  the  deposition  of  dew,  by  constantly 
renewing  the  air  lying  upon  the  earth  before  it  has  had  its  temperature 
sufllciently  reduced  to  cause  condensation  of  moisture. 

Many  curious  experiments  may  be  made  by  exposing  on  the  ground 
at  night  bodies  which  differ  in  their  powers  of  radiation.  If  a  piece  of 
black  cloth  and  a  plate  of  bright  metal  be  thus  treated,  the  former  will  be 
often  found  in  the  morning  covered  with  dew,  while  Uie  latter  remains 
dry. 

Land  and  sea  breezes  are  certain  periodical  winds  common  to  most 
sea-coasts  within  the  tropics,  but  by  no  means  confined  to  those  r^ons. 
It  is  observed,  that  a  few  hours  afler  sunrise  a  breeze  springs  up  at 
sea,  and  blows  directly  on  shore,  and  that  its  intensity  increases  as  the 
day  advances,  and  declines  and  gradually  expires  near  sun^^t.  Shortly 
afterwards  a  wind  arises  in  exactly  the  opposite  direction,  namely,  fix>m 
the  land  towards  the  sea,  lasts  the  whole  of  the  night,  and  only  ceases 
with  the  reappearance  of  the  sun. 

It  is  easy  to  give  an  explanation  of  these  effects.  When  the  sun 
shines  at  once  upon  the  surfiux  of  the  earth  and  that  of  the  sea,  the 
two  become  unequally  healed,  because  the  water,  although  it  possesses 
greater  power  of  absorbing  heat,  yet  is  more  slowly  warmed  in  con- 
sequence of  its  greater  capacity  for  heat,  and  the  greater  depth  to 
w-hich  the  rays  of  the  sun  can  penetrate.     The  air  over  the  heated 
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czfioe  of  the  ground,  being  eitanded  hf  heat,  riseft,  wid  has  its  plaoe 

niflied  hf  colder  air  flowing  nrom  the  sea,  producing  the  sea-breeze. 

Wben  the  tun  aets  both  sea  and  land  begin  to  cool  by  radiation :  the 

late  of  oDoling  of   tlie  latter  will,  however,   far  exceed  that  of  the 

feniMr,  and  its  temperature  will  rapidly  fall.     The  air  above  becoming 

oookd  and  condensed,  flows  outwaids  in  obedience  to  the  laws  of  fluid 

pTBBiiire,  and  displaces  the  warmer  air  of  the  ocean.     In  this  manner, 

bf  an  interchange  of  air  between  sea  and  land,  the  otheiwise  oppres- 

sire  heat  is  moderated,  to  the  great  advantage  of  those  who  inhabit 

*adi  localities^     The  land  and  sea  breezes  extend  to  a  small  distance  only 

from  shore,  but  afford,  notwithstanding,  essential  aid  to  coasting  navi- 

ptioD,  lince  vessels  on  either  tack  enjoy  a  fiur  wind  duriug  the  greater 

put  of  both  day  and  night. 
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Bays  of  heat,  in  passing  through  air,  receive  scarcely  more  obstruction 
than  those  of  light  under  similar  circumstances ;  but  with  other  trans- 
parent media  the  case  is  different.  If  a  parabolic  mirror  be  taken,  and 
hi  axis  directed  towards  the  sun,  the  rays  both  of  Iieat  and  light  will 
be  reflected  to  ihe  focus,  which  wilt  exhibit  a  temperature  sufficiently 
&%h  to  fuse  a  piece  of  metal,  or  fire  a  combustible  body.  If  a  plate  of 
S^s  be  now^  placed  between  the  mirror  and  the  sun,  the  effect  will  be 
peiceptibly  diminished. 

Now,  let  the  same  experiment  be  made  with  the  heat  of  a  kettle 
fiUed  with  boiling  water ;  the  heat  will  be  concentrated  by  reflection  as 
before,  but,  on  interposing  the  glass,  the  heating  effect  at  the  focus  will 
^  reduced  to  nothing.  Thus,  the  rays  of  heat  coming  from  the  sim 
tiaverse  even  glass  in  considerable  quantity  but  not  so  easily  as  air, 
whilst  rays  from  hot  water  are  entirdy  stopped  by  glass. 

In  the  year  1833,  M.  Melloni  published  the  flrst  ef  a  series  of 
^^coedingly  valuable  researches  on  this  subject,  which  are  to  be  found 
in  detail  in  various  volumes  of  the  Annales  de  Chimie  et  de  Physique.* 
It  will  be  necessary,  in  the  first  instance,  to  describe  the  method  of 
operation  followed  by  this  philosopher. 

Not  long  before  two  very  remarkable  fiw^ts  ^'  <^0. 

^  been  discovered :  Oerst«d,  in  Copenhagen,  ^ 

•bowed  that  a  current  of  electincity,  however  ^ 

produced,  exercises  a  singular  and  perfectly  de- 
^te  action  on  a  magnetic  needle ;  and  Seebeck, 
in  Berlin,  found  that  an  electric  current  may  be 
i<nented  by  the  unequal  effects  of  heat  on  dif- 
ferent metals  in  contact.  If  a  wire  conveying 
sn  electrical  current  be  brought  near  a  magnetic 
i^le,  the  latter  will  immediately  alter  its  posi- 
tion and  assume  a  new  one  as  nearly  perpendi- 
<>nW  to  the  wire  as  the  mode  of  suspension  and  the  magnetism  of  the 
«  Translated  also  la  Taylor's  Sdenttfic  Memoin. 
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earth  will  permit.  When  the  wire,  for  ezaiiiple,  is  placed  directlj 
over  the  needle  and  pmnallel  to  ita  length,  while  the  current  it  carries 
timvels  from  north  to  soath,  the  needle  is  deflected  from  its  ordinary 
direction  and  the  north  pole  driven  to  the  eastward.  When  the  cur* 
rant  ia  reversed,  the  same  pole  deviates  to  an  equal  amount  towards  the 
west.  Placing  the  wire  below  the  needle  instead  of  above  produces  tbe 
same  effect  as  reversing  the  current. 

When  the  needle  is  subjected  to  the  action  of  two  cun^ents  in  op- 
posite directions,  the  one  above  and  the  other  below,  they  will  obviously 
concur  in  their  effects.  The  same  thing  happens  when  the  wire  car- 
rying the  current  is  bent  upon  itself,  and  the  needle  placed  between  the 
two  portions;  and  since  every  time  the  bending  is  repeated  a  fresh 
portion  of  tlie  current  is  made  to  act  in  the  same  mannor  upon  the 
needle,  it  is  easy  to  see  how  a  current,  too  feeble  to  produce  any  effect 
when  a  simple  stiaight  wire  is  employed,  may  be  made  by  this  con- 
trivance to  exhibit  a  powerful  action  on  the  magnet.  It  is  on  this  prin- 
ciple that  instruments  called  gcUvano' 
meterSf  galvanoscepes,  or  multipliers, 
are  constructed ;  they  serve  not  only  to 
indicate  the  existence  of  electrical  cm- 
rents,  but  to  show  by  the  effects  upon  the 
needle  the  direction  in  which  they  are 
moving.  The  delicacy  of  the  instrument 
can  be  extraordinaiily  inci'eased  by  the 
use  of  a  very  long  coil  of  wire  and  two 
needles  of  equal  strength,  and  with  oppoMte  poles  conjoined  (fig.  78). 
These  needles  are  hung  by  untwisted  silk,  so  that  one  is  between  the 
coils  and  the  other  above  them,  so  that  the  current  acts  in  the  same 
direction  on  both.  The  thickness  of  the  wire  has  some  influence  on 
the  delicacy  of  the  instrument  For  the  following  experiments  it 
should  not  be  less  than  ^  of  an  inch  thick. 


Pig.  61. 


Where  two  pieces  of  different  metals,  connected  together  at  each  end, 
have  one  of  their  joints  more  heated  tlum  the  other,  an  electric  current 
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is  immediately  set  up.  Of  all  the  metaU  tried,  bismuth  and  antimony 
form  the  most  powerful  combination.  A  single  pair  of  bars  having 
€De  of  their  junctions  heated  in  the  manner  shown  (fig.  6*^),  can 
derelop  a  current  strong  enough  to  deflect  a  compass  needle  placed 
within,  and,  by  arranging  a  number  in  a  series  and  heating  their  alter- 
nate ends,  the  intensity  of  the  current  may  be  very  much  increased. 
Sach  an  arrangement  is  called  a  thermo-electric  pile.  M.  Melloni  con- 
structed a  very  small  thermo-electric  pile  of  this  kind,  containing  fifly- 
6re  slender  bars  of  bismuth  and  antimony,  laid  side  by  side  and  soldered 
together  at  their  alternate  ends,  as  shown  in  natural  size  in  fig.  63. 
He  connected  this  pile  with  an  exceedingly  delicate  multiplier,  and 
found  himself  in  the  poiaession  of  an  instrument  for  measuring  small 
variations  of  temperature  far  surpassing  in  delicacy  the  air-thermometer 
in  its  most  sensitive  form,  and  having  gi'eat  advantages  in  other  re- 
spects over  that  instrument  when  employed  for  the  purposes  to  which 
be  devoted  it. 

The  substances  whose  powers  of  transmission  were  to  be  examined 
were  cut  into  plates  of  a  determinate  thickness,  and,  after  being  well 
polished,  arranged  in  succession  in  front  of  the  little  pile,  the  extremity 
of  which  was  blackened  to  promote  the  absorption  of  the  rays.  A 
perforated  screen,  the  area  of  whose  apeiture  equalled  that  of  the  face 
of  the  pile,  was  placed  between  the  source  of  heat  and  the  body  under 
trial,  while  a  second  screen  served  to  intercept  all  radiation  until  the 
moment  of  the  experiment. 

AfUr  much  preliminary  labour  for  the  purpose  of  testing  the  capa- 
bilities of  the  apparatus  and  the  value  of  its  indications,  an  extended 
seria  of  researches  was  undertaken  and  carried  on  dming  a  long  period 


with  great  success :  some  of  the  most  curious  results  are  given  in  the 
annexed  table  (p.  88). 

Four  different  sources  of  heat  were  employed  in  these  experiments, 
differing  in  their  degrees  of  intensity ;  the  naked  flame  of  an  oil-lamp ; 
a  coil  of  platinum  wire  heated  to  redness ;  blackened  copper  at  734^ 
(390°C) ;  and  the  same  heated  to  212°  (100°C). 

On  examining  this  remaikable  table,  which  is  an  abstract  of  one 
much  more  extensive,  the  first  thing  that  strikes  the  eye  is  the  want 
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6f  connexion  between  the  power  of  transmitting  heat  and  that  o^ 
taransmitting  light :  taking,  for  instance,  the  oil-lamp  as  the  soaixse  of 
heat,  oat  of  the  quantity  of  heat  represented  bv  100  rays  falling  upon 
the  pil^  the  proportion  transmitted  by  similar  plates  of  rock'4alt,  glass, 
and  alum,  may  be  expressed  by  the  numbers,  92,  39,  and  9 ;  and  yet 
these  bodies  are  equally  transparent  Mrith  respect  to  light.  Generally 
speaking,  colour  was  found  to  interfere  with  the  tiansmissive  power, 
but  to  a  very  unequal  extent :  thus,  in  fluor-spar,  colourless,  greenish, 
and  deep  green,  the  quantities  transmitted  were  78,  46,  and  8,  while 
the  difference  between  colourless  and  brown  rock-crystal  was  only  1. 
Bodies  absolutely  opaque,  as  wood,  metals,  and  black  marble,  stopped  the 
rays  completely,  although  it  was  found  that  the  faculty  of  transmission 
was  possessed,  to  a  certain  extent,  by  some  which  were  nearly  in  that 
condition,  as  thick  plates  of  brown  quartz,  black  mica,  and  black  glass. 


Sobstances. 
(Thickness  of  plate  0*  1  inch,  nearly.) 


Rock-salt,  transparent  and  colourless 

Fluor-spar,  colourless 

Rock-salt,  muddy 

Beryl    . 

Fluor-spar,  greenish     . 

Iceland-spar  . 

Plate-glass  . 

Rock-crystal  . 

Rock-crystal,  brown 

Touimaline,  dark-green 

Citric*acid,  transparent 

Alum,  transpai^ent  . 

Sugar-candy 

Fluor-spar,  green,  translucent 

Ice,  pure  and  transparent 


TransmlflsioD  of  100 
rays  of  heat  from 


92 

78 

65 

54 

46 

39 

39 

38 

37 

18 

11 

9 

8 

8 

6 


92 

69 

65 

23 

38 

28 

24 

28 

28 

16 

2 

2 

0 

6 

0 


IE  |o 


5° 


92 

42 

65 

13 

24 

6 

6 

6 

6 

3 

0 

0 

0 

4 

0 


92 

33 

65 

0 

20 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 


When  rays  of  heat  had  once  passed  through  a  plate  of  any  substance, 
the  interposition  of  a  second  similar  plate  occasioned  much  less  loss  than 
the  first :  the  same  thing  happened  when  a  number  were  interposed, 
the  rays  after  traversing  one  plate,  being  but  little  interrupted  by 
others  of  a  similai*  natme. 
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The  next  point  to  lie  noticed  is  the  great  difference  in  the  properties 
of  tile  rajs  from  different  sources.  Out  of  100  rays  from  each  source 
whidi  fdl  on  rock-flalt,  the  same  proportion  was  always  transmitted 
whether  the  rays  proceeded  from  the  intensely-heated  £ame,  the  red-hot 
pUtinum  wire,  or  the  copper  at  734°  (390OC)  or  212°  (100°C) ; 
but  this  is  true  of  no  other'  sul^tance  in  the  list.  In  the  case  of 
pbite-glafia,  we  have  the  numbers  39,  24,  6,  and  0,  as  repre»«ntatiyes 
of  the  comparative  quantities  of  heat  transmitted  through  the  plate 
from  eadi  source;  or  in  three  varieties  of  fluor-spar,  as  in  the  follow- 
ing statement : — 

Flame.    Red  heat      734O(390OC>  212O(100OO. 
Colourless  .         .     78  69  42  33  .  -  . 

Gi-eenish         .  46  38  24  20  /    \\ '  ^\ 

Dark  green.         .8  6  4  3  / 

One  substance,  beryl,  out  of  100  rays  fi'om  an  intensely-heate<l  ..  / 

soaroe,  suffers  M  to  pass ;  and  out  of  the  same  number  (that  is,  ap  *        ^ 
eqnal  quantity  of  heat)  from  metal  at  212^  (100°C)  none  at  all; 
whilst  another  substance,  fluor-spar,  transmits  rays  from  the  two 
sources  mentioned  in  the  proportion  of  8  to  3. 

These,  and  many  other  curious  phenomena,  are  fully  and  completely  ^ 
explained  on  the  supposition,  that  among  the  invisible  rays  of  heat 
differences  are  to  be  found  exactly  analc^ous  to  those  differences  be- 
tween nys  of  light  which  we  are  accustomed  to  call  colours.  Kock- 
salt  and  air  are  the  only'  substances  yet  known  which  are  truly 
diaihemuawuSy  or  equally  transpai-ent  to  all  kinds  of  heat-rays :  they 
are  to  the  latter  what  white  glass  or  water  is  to  light ;  they  sufi'er  rays 
of  every  description  to  pa&s  with  equal  facility.  All  other  bodies  act 
like  coloured  glasses,  absorbing  certain  of  the  rays  more  abundantly  than 
the  rest,  and  colouring,  as  it  were,  the  heat  whi(^  passes  through  them. 

These  heat-tints  have  no  direct  relation  to  oi'dinarv  colours ;  their 
existence  is,  nevertheless,  almost  as  clearly  made  out  as  that  of  the 
coloured  rays  of  the  spectiiim.  Bodies  at  a  comparatively  low  tem- 
perature emit  rays  of  such  a  tint  ooly  as  to  be  transmissible  by  a 
few  substances:  as  the  temperature  rises,  rays  of  other  heat-colours 
begin  to  make  their  appearance,  and  transmission  of  some  poition  of 
these  rays  takes  place  through  a  great  number  of  bodies ;  while  at  the 
temperature  of  intense  ignition  we  find  rays  of  all  colours  thrown  out, 
some  of  tvhich  will  certainly  find  their  way  through  a  great  variety  o5 
substances. 

By  cutting  rock-salt  into  prisms  and  lenses,  it  is  easy  to  show  that 
radiant  heat  may  be  refracted  like  ordinary  light,  and  ita  beams  made 
to  converge  or  diverge  at  pleasure ;  and,  lastly,  to  complete  the  analogy, 
it  has  been  shown  to  be  susceptible  of  polarization  by  transmisiiion 
throDgh  plates  of  double-refracting  minerals,  in  the  same  manner  as 
light  itself.* 

*  Dr.  Forbes,  FhU.  Mag.  for  1836 ;  also  M.  Mellon],  Ann.  Chim.  et  Fhya.* 
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The  absorptive  power  of  gases  and  Taponrs  for  rajs  of  heat  bj 
which  thoy  are  traversed  had  Jong  beea  neglected ;  and  it  is  only 
recently  that  we  have  become  indebted  to  Professor  Tyndail  for  some 
researches  upon  this  sulject.*  The  absorptive  power  of  perfectly  dry 
air,  of  oxygen,  nitrogen,  and  hydrogen  in  the  state  of  purity  is  very 
small ;  the  absorptive  power  of  compound  gases  and  vapours,  e,  g.  of 
water-vapour,  carbonic  oxide,  carbonic  acid,  and  more  especially  of 
oleiiant  gas,  ammonia,  and  the  vapours  of  volatile  oils,  is  much 
greater.  The  following  table  gives  the  relative  absorptive  powers  of 
different  gases  for  dark  rays  of  heat  emanating  from  copper  at  518°  F« 
(270°C),  when  the  gattes  are  examined  under  a  pressure  of  one  atmo- 
sphere : 

Carbonic  acid     .  .        90 

Nitrous  oxide  .  .         355 
Sulphuretted  hydrogen      390 

Marsh  gas       .  .         403 

Sulphurous  acid  .  .      710 

Olefiantgas     .  .          970 

Ammonia  .         .  .    1195 

The  absorptive  power  of  a  gas  increases  with  an  inci'ease  of  the  den- 
nty,  but  is,  in  the  case  of  gases  endowed  with  a  high  absorptive  power, 
by  no  means  proportionate  to  the  density. 

Kay»  of  heat  of  the  above  description  are  not  capable  of  passing 
through  a  tube  3  ^t  long  filled  with  ammonia  of  the  ordinary  pressure 
of  the  atmosphere ;  such  a  layer  of  ammonia,  though  quite  colour- 
less and  transparent  to  light,  is  perfectly  impermeable  (it  might  be 
said  black)  to  heat.  The  element  chlorine,  though  coloured  and  less 
transparent  to  light,  allows  the  rays  of  heat  to  pass  more  freely  than 
the  compound  hydrochloric  acid,  which  is  colourless  and  more 
tran!(parent  to  light.  These  examples  show  that  the  absorptive  power 
of  gases  for  rays  of  heat  is  perfectly  independent  of  that  for  rays  of 
light. 

It  has  been  established  by  experiment,  that  of  two  gases,  the  one 
which  has  the  greater  power  of  absorbing  rays  of  heat,  possesses  also 
the  greater  power  of  radiating  them,  and  that  the  law  mentioned  on 
page  83,  accoiding  to  which  the  power  of  absorbing  heat  is  in  direct 
proportion  to  the  power  of  emission,  holds  good  also  for  gases. 

•  Phil  Trans,  leei  and  1862. 


Atmospheric  air 

.     1 

Oxygen 

1 

Nitrogen 

.     1 

Hydrogen    . 

1 

Chlorine 

.  39 

Hydrochloric  acid 

62 

Carbonic  oxide 

90 
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MAGNETISM. 

A  PARTICCLAB  iqwdes  of  iron  ore  has  long  been  remarkable  for  its 
propertj  of  attracting  snoall  pieces  of  iron,  and  causing  them  to  adhere 
to  its  sur&oe ;  it  is  called  loadstone,  or  m^netic  iron  ore. 

If  a  piece  of  this  loadstone  be  carefully  examined,  it  will  be  found 
thai  the  sttractife  force  for  particles  of  iron  is  greatest  at  certain  par- 
ticuhir  points  of  its  surface,  while  elfiewhere  it  is  much  diminished, 
or  even  altogether  absent.  These  attractire  points  are  denominated 
poles,  and  the  loadstone  itself  is  said  to  be  endowed  with  magnetic 
polari^. 

If  one  of  the  pole-surfaoes  of  a  natural  loadstone  be  rubbed  in  a  par- 
ticular manner  oyer  a  bar  of  sted,  its  characteristic  properties  will  be 
communicated  to  the  bar,  which  will  then  be  found  to  attract  iron- 
filings  like  the  loadstone  itself.  Further,  the  attractive  force  will 
appear  to  be  greatest  at  two  points  situated  very  near  the  extremities 
of  the  bar,  and  least  of  all  towards  the  middle.  The  bar  of  steel  so 
treated  is  said  to  be  magnetized,  or  to  constitute  an  artificial  magnet. 

When  a  magnetised  bar  or  natural  magnet  is  susp«)ded  at  its  centre 
in  any  convenient  manner,  so  as  to  be  free  to  move  in  a  horizontal 
pUne,  it  is  always  found  to  assume  a  particular  direction  with  r^ard 
to  the  earth,  one  end  pointing  nearly  north  and  the  othSr  nearly  south. 
If  the  bar  be  moved  from  this  position,  it  will  tend  to  reassume  it, 
and,  afler  a  few  oscillations,  settle  at  rest  as  before.  The  pole  which 
p<»nts  towanls  the  astronomical  north  is  usually  distinguished  as  the 
north  pole  of  the  bar,  and  that  which  points  southward,  as  the  south 
pole.  A  suspended  magnet,  dth^  natural  or  artificial,  of  symmetrical 
form,  serves  to  exhibit  certain  phenomena  of  attraction  and  repulsion  in 
the  presence  of  a  second,  magnet,  which  deserve  particular  attention. 
When  a  north  pole  is  presented  to  a  south  pole,  or  a  south  pole  to  a 
north,  attraction  ensues  between  them ;  the  ends  of  the  bars  approach 
each  other,  and,  if  permitted,  adhere  with  considerable  foixe :  when, 
on  the  other  huid,  a  north  pole  is  brought  near  a  second  noi-th  pole, 
or  a  south  pole  near  another  south  pole,  mutual  repulsion  is  observed, 
and  the  ends  of  the  bars  recede  from  each  other  as  far|  as  possible. 
Poies  ff  an  opposite  name  attract  ^  and  cf  a  similar  name  repel,  each 
other.  Thus,  a  small  bar  or  needle  of  steel,  properly  magnetized 
and  suspended*  and  having  its  poles  marked,  becomes  an  instrument 
fitted  not  only  to  discover  the  existence  of  magnetic  power  in  other 
bodies,  but  to  estimate  the  kind  of  poUrity  affected  by  their  diffei^nt 
partflL 

A  piece  of  sod  iron  brought  into  the  neighbourhood  of  a  magnet 
aoqoires  itself  magnetic  properties:  the  intensity  of  the  .power  thus 
conferred  depends  upon  that  of  the  magnet  and  upon  the  interval  which 
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divides  the  two,  becoming  greater  as  that  interval  decreases,  and  grmtest 
of  all  when  in  actual  contact.  The  iron,  under  these  circumstances,  is 
said  to  be  magnetited  by  induction  or  influence,  and  the  effect,  which 
in  an  instant  reaches  its  maximum,  is  at  once  destroyed  by  removing 
the  magnet. 

When  steel  is  substituted  for  iron  in  this  experiment,  the  inductive 
action  is  hardly  perceptible  at  first,  and  only  becomes  manifest  after 
the  lapse  of  a  certain  time :  in  this  condition,  when  the  steel  bar  is 
removed  from  the  magnet,  it  retains  a  portion  of  the  induced  polarity. 
It  becomes,  indeed,  a  permanent  magnet,  similar  to  the  first,  and  retains 
its  peculiar  properties  for  an  indeBniie  period. 

A  particular  name  is  given  to  this  resistance  whidi  steel  always 
offers  in  a  greater  or  less  d^^ree  both  to  the  development  of  magnetism 
and  its  subsequent  destruction ;  it  is  called  specific  coercice  power. 

The  rule  which  regulates  the  induction  oif  magnetic  polarity  in  all 
eases  is  exceedingly  simple,  and  most  important  to  be  remembered. 

The  pole  produced  is  always  of 
^-  tt-  the  opposite  name  1o  that  which 

produced  it,  a  north  pole  dere* 
loping  south  polarity,  and  a 
south  pole  north  polarity.  The 
noith  pole  of  the  magnet  figured 
in  the  sketch  induces  south  po- 
larity in  air  the  nearer  extremi- 
ties of  the  pieces  of  iron  or  steel 
which  surround  it,  and  a  state 
similar  to  its  own  in  all  the 
more  remote  extremities.  The 
iron  thus  magnetized  is  capable 
of  exerting  a  similar  inductive 
action  on  a  se(X>nd  piece,  and 
that  upon  a  thuxl,  and  so  to  a 
great  number,  the  intensity  of 
the  force  diminishing  as  the 
distan<:e  from  the  permanent 
magnet  increases.  It  is  in  this 
way  that  a  magnet  is  enabled  to  hold  up  a  number  of  small  pieces  of 
iron,  or  a  bundb  of  filings,  each  s^mrate  piece  becoming  a  magnet  for 
the  time  by  induction. 

Magnetic  polarity,  similar  in  degree  to  that  which  iron  presents,  has 
been  found  only  in  some  of  the  compounds  of  iron,  in  nickel,  and  in 
cobalt. 

Magnetic  attractions  and  repulsions  are  not  in  the  slightest  degree 
interfered  with  by  ihe  interposition  of  substances  destitute  of  magnetic 
properties.  Thick  plates  of  glass,  shellac,  metals,  wood,  or  of  any  sob- 
stances  except  those  above  mentioned,  may  be  placed  between  a  magnet 
and  a  suspended  needle,  or  a  ]iiece  of  ii'ou  under  its  influence,  the  dis^ 
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tance  bang  preserved,  withoat  the  least  perceptible  alteration  in  its 
attnM!tive  power,  or  force  of  induction. 

One  kiod  of  polarity  cannot  be  exhibited  without  the  other.  In 
other  words  a  magnetic  pole  cannot  be  insulated.  If  a  magnetized 
bar  of  steel  be  broken  at  its  neutral  point,  or  in  the  middle,  each  of  the 
brofera  ends  acquires  an  opposite  pole,  so  that  both  portions  of  the  bar 
beorane  perfect  magnets ;  and,  if  the  division  be  carried  still  further,  if 
the  bar  be  broken  into  a  hundred  pieces,  each  fragment  will  be  a  com- 
plete magnet,  haying  its  own  north  and  south  poles. 

This  experiment  serves  to  show  very  clearly  that  the  apparent 
polaritj  of  the  bar  is  the  consequence  of  the  polarity  of  each  individual 
particle,  the  poles  of  the  bar  being  merely  points  through  which  the 
rcsoltants  of  all  these  forces  pass ;  the  lai^cst  magnet  is  inade  up  of  an 

Fig.M. 


immense  number  of  little  magnets  regularly  arranged  side  by  side,  all 
having  their  north  poles  looking  one  way,  and  their  south  poles  the 
oftber.  The  middle  portion  of  such  a  system  cannot  possibly  exhibit 
sttractiTe  or  repulsive  effects  on  an  external  body,  be<kuse  each  pole 
is  in  clo^e  juxtaposition  with  one  of  an  opposite  name  and  of  equal 
power ;  hen(%  their  forces  will  be  exerted  in  opposite  directions  and 
neutralize  each  other's  influence.  Such  will  not  be  the  case  at  the 
extremities  of  the  bar;  there  uncompensated  polarity  will  be  found 
CBpable  of  exerting  its  specific  power. 

This  idea  of  regular  polarization  of  particles  of  matter  in  virtue  of  a 
pair  of  opposite  and  equal  forces,  is  not  confined  to  magnetic  pheno- 
mena ;  it  is  the  leading  principle  in  electrical  science,  and  is  constantly 
reproduced  in  some  form  or  other  in  every  discussion  involving  the 
oonsiiieration  of  molecular  forces. 

Artificial  steel  magnets  are  made  in  a  great  variety  of  forms ;  such 
as  small  light  needles,  mounted  with  an  agate  cap  for  suspension  upon 
a  fine  point;  straight  bars  of  various  kinds;  bars  curved  into  the 
shape  of  a  horse-shoe,  &c.  All  these  have  r^ular  polarity  communi- 
cated to  them  by  certain  processes  of  rubbing  or  touching  with  another 
magnet)  which  require  care,  but  are  not  otherwise  difficult  of  execution. 
When  great  power  is  wished  for,  a  number  of  bars  may  be  screwed 
together,  with  their  similar  ends  in  contai-t,  and  in  this  way  it  is  easy 
to  construct  permanent  steel  magnets  capable  of  sustaining  great 
weights.  To  prevent  the  gradual  destruction  of  magnetic  force,  which 
would  otherwise  occur,  it  is  usual  to  arm  earh  pole  with  a  piece  of  soft 
iron  or  keeper,  which,  becoming  magnetized  by  induction,  ser\'tt  to 
sustain  the  polarity  of  the  bar,  and  even  increases  in  some  cases  its 
enej^gy. 

The  direction  spontaneously  assumed  by  a  suspended  needle  indicates 
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that  the  enrth  itself  has  the  properties  of  an  enormons  mas^et,  whose 
south  magnetic  force  is  concentrated  in  the  northern  hemisphere.  A 
line  joining  the  two  poles  of  such  a  needle  or  har  indicates  the  directioo 
of  the  so-odled  magnetic  meridum  of  the  place,  which  is  a  Tertical 
plane  coincident  witii  the  direction  of  the  needle. 

The  magnetic  meridian  of  a  place  is  not  usually  coincident  with  its 
geographical  meridian,  but  makes  with  the  Utter  a  certain  angle  called 
the  dedmation  of  the  needle. 

The  amount  of  the  declination  of  the  needle  from  the  true  north  and 
sonth  not  only  varies  at  different  places,  but  in  the  same  place  is 
subject  to  daily,  yearly,  and  secular  fluctuations,  which  are  called  the 
variations  of  declination.  Thus,  at  the  commencement  of  the  17th 
century,  the  declination  was  eastward ;  in  1660  it  was  0 ;  that  is, 
the  needle  pointed  due  north  and  south.  Afterwards  it  became 
westerly,  slowly  increasing  until  the  year  1818,  when  it  reached 
24^  30',  since  which  time  it  has  been  slowly  diminishing,  and,  in  the 
year  1857,  in  London  it  had  returned  to  21®  48'. 

Of  late  the  march  of  the  daily  variations  of  declination  has  been 
carefully  compared  with  the  positions  of  the  sun  as  well  as  the  moon 
at  the  corresponding  period.  This  inquiry,  suggested  by  General 
Sabine,  and  carried  on  for  a  number  of  years  in  several  localities,  has 
led  to  the  remarkable  result  that  these  celebtial  bodies  exert  a  definite 
influence  upon  the  magnetic  needle,  and  must  therefore  be  considered 
as  magnets,  like  the  efti-th  itself. 

If  a  steel  bar  be  supported  on  a  horizontal  axis  passing  exactly 
through  its  centre  of  gravity,  it  will  of  course  remain  equally 
balanced  in  any  position  in  which  it  may  happen  to  be  placed  ;  if  the 
bar  so  adjusted  be  then  magnetized,  it  will  be  found  to  take  a  per- 
manent direction,  the  north  pole  being  downwards,  and  the  har 
making  nn  angle  of  about  68^  5',  with  a  horizontal  plane  passing 
through  the  axis.  This  is  called  the  dip  or  incliMtion  of  the  needle, 
and  sLows  the  direction  in  which  the  force  of  terrestrial  magnetism 
is  most  enei-getically  exerted.  The  amount  of  this  dip  is  diflermt 
in  diflvient  latitudes ;  near  the  equator  it  is  very  small,  the  needle 
remaining  nearly  or  quite  horizontal;  as  the  latitude  increases  the 
dip  becomes  more  decided;  and  over  the  magnetic  pole  the  bar 
becomes  completely  vertical.  Such  a  situation  is,  in  fact,  to  be  found 
in  the  northern  hemisphere,  considerably  south  of  the  geographical 
pole  on  the  west  coast  of  Boothia  Felix,  lat.  70^  5"  N.  and  longitude 
96°  46'  W. ;  the  dipping-needle  has  here  been  seen  to  point  dii^ectly 
downwards,  while  the  horizontal  or  compass-needle  ceased  to  traverse. 
The  position  of  the  south  magnetic  pole  has  been  deteimined  by  the 
observations  of  Captain  James  Ross  to  be    about   lat.  73°  S.  and 

long.  130°  E. 

By  observing  a  great  nuipber  of  points  near  the  equator  in  which 
the  dip  becomes  reduced  to  nothing,  a  line,  cutting  the  equator  in  two 
points,  may  be  traced  around  the  earth,  called  the  magnetic  equator, 
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asd  en  both  sid«,  a  number  of  smaller  closed  carves  called  lines  of 
equal  dipw  These  lines  present  great  irregolarities  when  compared 
with  the  equator  itself  and  the  parallels  of  latitude,  the  magnetic 
equator  deviating  from  the  terrestrial  one  as  much  as  12^  at  its  point 
of  greatest  divergence.  Like  the  horizontal  declination,  the  dip  is  also 
subject  to  diange  at  the  same  place.  Observations  have  not  yet  been 
made  daring  sufficient  time  to  determine  accurately  the  law  and  rate 
of  alteratioa,  and  great  practical  difficulties  exist  also  in  the  construc- 
tkn  of  the  instruments,  in  the  year  1773  it  was  about  72^ ;  at  the 
present  time  it  is  near  68^  32'  in  London. 

The  inductive  power  of  the  magnetism  of  the  earth  may  be  shown 
by  holding  in  a  vertical  position  a  bar  of  very  soft  iron  ;  the  lower  end 
will  be  found  to  possess  north  polarity,  and  the  upper,  the  contrary 
state.  On  reversing  the  bar  the  poles  are  also  revenied.  All  masses 
of  iron  whatever,  when  examined  by  a  suspended  needle,  will  be 
fi>and  in  a  state  of  magnetic  polarity  by  the  influence  of  the  earth ; 
iron  columns,  tools  in  a  smith's  shop,  fire-irons,  and  other  like  objects, 
are  all  usually  magnetic,  and  those  made  of  steel  permanently  so.  On 
board  ship,  the  presence  of  so  many  large  masses  of  iron — i^ns, 
anchors,  water-tanks,  &c. — thus  polarized  by  the  earth,  causes  a 
derangement  of  the  compass-needles,  to  a  very  dangerous  extent: 
happily,  a  plan  has  been  devised  for  determining  the  amount  of  this 
io<al  attraction  in  different  positions  of  the  ship,  and  making  suitable 
corr»:ti<Mis. 

The  mariner's  compass,  which  is  nothing  more  than  a  suspended 
needle  attached  to  a  circular  card  marked  with  the  points,  was  not 
in  general  use  in  Europe  before  the  year  1300,  although  the  Chinese 
have  had  it  from  very  early  antiquity.  Its  value  to  Uie  navigator  is 
now  very  much  inci'easai  by  correct  observations  of  the  exact  amount 
of  the  declination  in  various  parts  of  the  world. 

Probably  every  substance  in  the  world  contributes  something  to  the 
magnetic  action  of  the  earth  ;  for  according  to  the  latest  discoveries  of 
Mr.  Faraday,  magnetism  is  not  peculiar  to  those  substances  which 
have  more  especially  been  called  magnetic,  such  as  iron,  nickel,  cobalt, 
but  it  is  the  property  of  all  metal,  though  to  a  much  smaller  d^ree. 
Very  powerful  magnets  are  required  to  show  this  remarkable  fact. 
Large  horse-shoe  magnets,  made  by  the  action  of  the  electric  current, 
are  most  proper.  The  magnetic  action  on  different  substances  which 
are  capable  of  being  easily  moved,  differs  not  only  according  to  the 
size,  but  abso  according  to  the  nature  of  the  subntance.  In  con- 
sequence of  this,  Faraday  divides  all  bodies  into  two  clas&es.  He  calls 
the  one  magnetic,  or,  better,  paramagnetic,  and  the  other  diamag- 
uetic. 

The  matter  of  which  a  paramagnetic  (magnetic)  body  consists  Im 
attracted  by  both  poles  of  the  horse-shoe  mi^et ;  on  iJie  contrary, 
the  matter  of  a  diam^;netic  body  is  repelled.  When  a  small  iron  bar 
is  hung  by  untwisted  silk  between  the  poles  of  the  magnet,  so  that  its 
long  diameter  can  easily  move  in  a  horizontal  plane^  it  arranges  itself 
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axially,  that  is,  parallel  to  the  straight  line  which  joins  the  poles, 
or  to  the  magnetic  axis  of  the  poles ;  assuming  at  the  end  which  is 
nearest  the  north  pole,  a  south  pole,  and  at  the  end  nearest  the  south 
pole,  a  north  pole.  Whenever  the  little  bar  is  removed  fix>m  this 
position,  after  a  few  oscillations,  it  returns  again  to  its  previous  poei* 
tion.  The  whole  class  of  paramngnetic  bodies  behave  in  a  precisely 
similar  way  under  similar  circumstances ;  only  in  the  intensity  of  the 
effects  great  differences  occur. 

On  the  contrary,  diamagnetic  bodies  have  their  long  diameters  placed 
eqnatorially,  that  is,  at  right  angles  to  the  magnetic  axis.  They 
behave,  as  if  at  the  end  opposite  to  each  pole  of  the  magnet,  the  same 
kind  of  polarity  existed. 

In  the  first  class  of  substances,  besides  iron,  which  is  the  best 
representative  of  the  class,  we  have  nickel,  cobalt,  manganese, 
chromium,  cerium,  titanium,  palladium,  platinum,  osmium,  alumi- 
nium, oxygen,  and  also  most  of  the  compounds  of  these  bodies ;  most 
of  them,  even  when  in  solution.  According  to  Faraday,  the  following 
substances  are  also  feebly  paramagnetic  (magnetic):  paper,  sealing- 
wav,  Indian-ink,  porcelain,  asbestos,  fluor-spar,  minium,  cinnabar, 
binoxide  of  lead,  sulphate  of  zinc,  tourmaline,  graphite,  and  char- 
coal. 

In  the  second  class  are  placed  bismuth,  antimony,  zinc,  tin,  cad- 
mium, sodium,  mercury,  lead,  silver,  copper,  gold,  arsenic,  uranium, 
rhodium,  iridium,  tungsten,  phosphorus,  iodine,  sulphur,  chlorine, 
hydrogen,  and  many  of  their  compounds.  Also,  glass  free  from  iron, 
water,  alcohol,  ether,  nitric  acid,  hydrochloric  acid,  resin,  wax,  olive 
oil,  oil  of  turpentine,  caoutchouc,  sugar,  starch,  gum,  and  wood. 
These  are  diamagnetic. 

If  diamagnetic  and  parami^etic  bodies  are  combined,  their  peculiar 
properties  are  destroyed.  In  most  of  these  compounds,  occasionally, 
in  consequence  of  the  presence  of  tlie  smallest  quantity  of  iron,  the 
peculiar  magnetic  power  remains  more  or  less  in  excess.  Thus  gn&i 
bottle-glass  and  many  varieties  of  crown  glass  are  magnetic  in  conse- 
quence of  the  iron  they  contain. 

In  order  to  examine  the  magnetic  propeilies  of  fluids,  they  are 
placed  in  very  thin  glass  tubes,  the  ends  of  which  are  then  closed  hy 
melting ;  they  are  then  hung  horizontally  between  the  poles  of  the 
magdet.  Under  the  influence  of  poles  sufficiently  powerful,  they  begin 
to  swing,  and  according  as  the  fluid  contents  are  paramagnetic 
(magnetic),  or  diamagnetic,  they  assume  an  axial  or  equatorial  posi- 
tion. 

Under  certain  circumstances  substances  which  belong  to  the  para- 
magnetic class  behave  as  if  they  were  diamagnetic.  This  happens  in 
cousequenc«  of  a  diflierential  action.  Thus,  for  example,  when  a  glass 
tube  full  of  a  dilute  solution  of  ijtulphate  of  iron  is  allowed  to  swing  in 
a  concentrated  solution  of  sulphate  of  iron,  instead  of  in  the  air,  it 
assumes  an  equatorial  position.  The  air,  in  consequence  of  the  oxygen 
in  it,  is  itself  paramagnetic  (magnetic).    Henoe,  such  bodies  as  appear 
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to  pofiwss  f«eble  diamagnetic  properties,  can  only  show  their  true  pro- 
perties when  bang  in  a  vacuum. 

FanwJay  has  tried  the  magnetic  condition  of  gasea  in  different  wayti. 
One  way  consisted  in  making  soap  bubbles  with  the  gas  which  he 
wished  to  investigate,  and  bringing  these  near  the  poles.  Soap  and 
water  alone  is  feebly  diamagnetic.  A  bubble  filled  with  oxygen  was 
strongly  attracted  by  the  magnet.  All  other  gases  in  the  air  are 
diams^etic,  that  is,  they  are  repelled.  But,  as  Faraday  has  shown, 
in  a  different  way,  this  partly  arises  ^rom  the  paramagnetic  (mag* 
netic)  property  of  the  air.  Thus  he  found  that  nitr(^;en,  when 
this  differential  acti<Mi  was  eliminated,  was  perfectly  indifferent, 
whether  it  was  condensed  or  rarefied,  whether  cooled  or  heated.  When 
the  temperature  is  raised,  the  diamagnetic  property  of  gases  in  the  air 
is  incrensed.  Hoice  the  fiame  of  a  candle  or  of  hydrogen  is  strongly 
repelled  by  the  magnet.     Even  warm  air  is  diamagnetic  in  cold  air. 

For  some  time  it  had  been  believed  that  bodies  in  a  crystalline  form 
had  a  special  and  peculiar  behaviour  when  placed  between  the  poles 
of'  a  magnet.  It  appeared  as  though  the  magnetic  directing  power  of 
the  crystal  had  some  peculiar  relation  to  the  position  of  its  optic  axis ; 
ao  that,  independently  of  the  magnetic  property  of  the  substance  of  the 
crystal,  if  the  crystal  was  positively  optical,  it  possessed  the  power  of 
placing  its  optic  axis  parallel  with  the  line  which  joined  the  poles  of 
the  magnet,  while  optically  negative  crystals  tried  to  arrange  their 
axis  at  right  angles  to  this  line.  This  supposition  is  disproved  by  the 
ooellent  investigation  of  Tyndall  and  Knoblauch,  who  showed  that 
exceptions  to  the  above  law  were  furnished  by  all  classes  of  crystals, 
and  proved  that  the  action,  instead  of  being  independent  of  the  magnetic 
nature  of  the  mass,  was  completely  reversed  where,  in  isomorphous 
crystals,  a  magnetic  constituent  was  substituted  for  a  diamagnetic  one. 
Rejecting  the  various  new  forces  assumed,  Tyndall  and  Knoblauch 
referred  the  observed  phenomena  to  the  modification  of  the  magnetic 
ibrce  by  stnicture,  and  they  imitated  the  effects  exactly,  by  means  of 
substances  whose  structure  had  been  modified  by  compression.  In  a 
later  investigation  Tyndall  demonstrated  the  fundamental  principle  on 
which  these  phenomena  depend,  showing  that  the  entire  mass  of  a 
magnetic  body  is  most  strongly  attracted  when  the  attracting  force 
acts  parallel  to  the  line  of  compression ;  and  that  a  diamagnetic  sub- 
stance is  most  strongly  repelled  when  the  repulsion  acts  along  the 
same  line.  Hence  when  such  a  body  is  freely  suspended  in  the  mag- 
netic field,  the  line  of  compression  must  set  axial  or  equatorial,  accord- 
ing as  the  mass  is  m^netic  or  diamagnetic.  Faraday  was  the  first  to 
establish  a  differential  actidn  of  this  kind  in  the  case  of  bismuth; 
Tyndall  extended  it  to  several  magnetic  and  diamagnetic  crystals,  and 
showed  that  it  was  not  confined  to  them,  but  was  a  general  property 
of  matter.  It  was  also  proved  that  for  a  fixed  distance  the  attraction 
of  a  magnetic  sphere,  and  the  repulsion  of  a  diamagnetic  sphere,  fol- 
lowed precisely  the  same  hiw,  both  being  exactly  proportioned  to  the 
square  of  the.  exciting  current. 

H 
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ELECTRICITY. 

If  glass,  amber,  or  sealing-wax  be  rubbed  with  a  dry  cloth,  it  acquires 
the  power  of  attracting  light  bodies,  aa  feathem,  dust,  or  bits  of  paper:, 
this  is  the  result  of  a  new  and  peculiar  condition  of  the  body  rubbed, 
called  electrical  excitation.  . 

If  a  light  downy  feather  be  suspended  by  a  thread  of  white  lulk, 
and  a  dry  glass  tube,  excited  by  rubbing,  be  presented  to  it^  the  feather 
will  be  strongly  attracted  to  the  tube,  adhere  to  its  surface  for  a  £sw 
seconds,  and  then  fall  off.  If  the  tube  be  now  excited  anew,  and  pre* 
sented  to  the  feather,  the  latter  will  be  strongly  repelled. 

The  same  experiment  may  be  repeated  with  shellac  or  resin ;  the 
feather  in  its  oniinary  state  will  be  drawn  towards  the  excited  body , 
and,  after  touching,  again  driven  from  it  with  a  oertam  degree  of 
force, 

Mow,  let  the  feafher  be  brought  into  contact  with  the  excited  glasa, 
so  as  to  be  repelled  by  that  substance,  and  let  a  piece  of  excited  sealiug- 
wax  be  presented  to  it,  a  degi'ee  of  attraction  will  be  observed  far  ex- 
ceeding that  exhibited  when  the  feather  is  in  its  ordinary  state.  Or, 
again,  let  the  feather  be  made  repulsive  for  sealing-wax,  and  then  the 
excited  glass  be  presented,  strong  attraction  will  ensue. 

The  reader  will  at  once  see  the  perfect  parallelism  between  the 
effects  described  and  some  of  the  phenomena  of  magnetism ;  the  elec- 
trical excitement  having  a  twofold  nature,  like  the  opposite  polarities 
of  the  magnet.  A  body  to  which  one  kind  of  excitement  has  been 
communicated  is  attracted  by  another  body  in  the  opposite  state,  and 
repelled  by  one  in  the  same  state;  the  excited  glass  and  resin  being  to 
each  other  as  the  north  and  south  poles  of  a  pair  of  magnetized  bars. 

To  distinguish  these  two  different  forms  of  excitement,  terms  are 
employed  which,  although  originating  in  some  measure  in  theoretical 
views  of  the  nature  of  the  electrical  disturbance,  may  be  understood 
by  the  student  as  purely  arbitrary  and  distinctive :  it  is  customary  to 
call  the  electricity  manifested  by  glass  rubbed  with  silk  positive  or 
vitreous,  and  that  developed  in  the  case  of  shellac,  and  bodies  of  the 
fame  class  rubbed  with  flannel,  negative  or  resinous.  The  kind  of  elec- 
tridity  depends  in  some  measure  upon  the  nature  of  the  surface  and  the 
quality  of  the  rubber;  smooth  and  perfectly  clean  glass,  rubbed  with 
silk,  becomes  positive,  but  when  ground  or  roughened  by  sand  or  onery, 
it  acquire  under  the  same  circumstances,  a  negative  chai^.  Olaas 
dried  over  a  gas  flame  and  rubbed  with  wool  is  generally  also  negative ; 
when  dried  over  a  fire  of  wood-charcoal  it  remains  positive. 

The  repulsion  shown  by  bodies  in  the  same  electrical  state  is  taken 
advantage  of  to  construct  instruments  for  indicating  electrical  excite- 
ment and  pointing  out  its  kind.    Two  balb  of  alder>pith,  hung  by 
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tlinaib  or  tctj  fiiw  ni(tal  irim,  Mira  thie  purpoM  in  muij  cue* ; 
tbtj  ojMD  (Hit  wbeD  ncitcd  io  rirtue  of  th«ir  maUiil  npuUion,  lUid 
ibnv  bj  the  degm  of  divergenee  the  eitcnt  to  vhich  Uie  eidtcmmt 
bn  bcei  buried,  A  pnir  of  gold  letvei  itjapoidol  to  a  metBl  rod 
baring  ■  bran  plate  oa  iU  apper  end  constitate  a  much  mom  delicatt 
■rni^niHnt,  and  one  of  great  TaJua  in  all  fltertricaJ  InTutigatifflU. 
T^rod  ahoald  be  corered  with  a  thick  coating  of  ihellac,  ud  it  matt 
'be  iaitaied  bj  mfwiaof  a  nrk,  air  Eight,  into  a  g)m  fliik.  Thsfluk 
mnt  luTC  been  perfectlj  dried  prerioiuly  bj  winning  it.     Theie  in- 
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t  called  dectroKopa  or  electrometen ;  yihva  eidted  bf 
uc  commanicatioD  of  a  known  kiad  of  elfctricilT,  thej  Jiow,  bj  an 
increased  or  diminiihed  divergeDce,  tbs  state  of  an  electrified  body 
Isnnidit  into  their  neighhoarhcod. 

One  kiod  of  electricity  can  no  toor«  be  developed  without  tbe  other 
than  one  kind  of  nu^etiem :  the  rubber  and  the  bodj  mbbed  nlway* 
•mmw  oppoaite  gtAtea,  and  the  potitire  cooditian  on  the  surfBtsofa 
'' — "— --,  inTuiablj  a(i»nipanied  bj  a  negatiya  rtale  in  all 


-Q,  Q*-Q*-Q* 


Tbe  iodnctioD  of  m^aetinn  in  loft  ir 
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in  electricity :  a  body  already  electrified  distaibs  or  polarises  the  par*. 
tides  of  all  gurrounding  substances  in  the  same  manner  and  according 
to  the  same  law,  inducing  a  state  opposite  to  its  own  in  the  nearer 
portions,  and  a  similar  state  in  the  more  remote  parts.  A  series  of 
globes  suspended  by  silk  threads,  in  the  manner  represented,  will  each 
become  electric  by  induction  wheii  a  chsi^^ed  body  is  brought  near  the 
end  of  the  series,  like  so  many  pieces  of  iron  in  the  vicinity  of  a  magnet^ 
the  positive  half  of  each  globe  looking  in  one  and  the  same  direction, 
and  the  negative  half  in  Sie  opposite  one.  The  positive  and  negative 
signs  are  intended  to  represent  Uie  states. 

The  intensity  of  the  induced  electrical  disturbance  diminishes  with 
the  distance  from  the  chained  body ;  if  this  be  removed  or  discharged, 
all  the  effects  cease  at  once. 

So  far,  the  greatest  resemblance  may  be  traced  between  these  two 
sets  of  phenomena ;  but  here  it  seems  in  great  measure  to  cease.  The 
magnetic  polarity  of  a  piece  of  steel  can  awaken  polarity  in  a  second 
piece  in  contact  with  it  by  the  act  of  Induction,  and  in  so  doing  loses 
nothing  whatever  of  its  power :  this  is  an  effect  completely  different 
from  the  apparent  transfer  or  discharge  of  electricity  constantly  wit- 
nessed, which  in  the  air  and  in  liquids  often  gives  rise  to  the  appearance 
of  a  bright  spark  of  fire.  Indeed,  ordinary  magnetic  effects  comprise 
two  groups  of  phenomena  only,  those,  namely,  of  attraction  and  repul« 
sion,  and  those  of  induction.  But  in  electricity,  in  addition  to  phe- 
nomena very  closely  resembling  these,  we  have  the  effects  of  discharge^ 
to  which  there  is  nothing  analogous  in  magnetism,  and  which  takes 
place  in  an  instant  whoi  any  electrified  body  is  put  in  communication 
with  the  earth  by  any  one  of  the  class  of  substances  called  conductors 
of  electricity ;  all  signs  of  electrical  disturbance  then  ceasing. 

These  conductors  of  electricity,  which  thus  permit  discharge  to 
take  place  through  their  mass^  are  contituted  with  another  class  of 
substances  called  non-conductors  or  insulators.  The  difference,  how- 
ever, is  only  one  of  degree,  not  of  kind  ;  the  very  best  conductors  offer 
a  certain  resistance  to  the  electrical  discharge,  and  the  most  perfect 
insulators  permit  it  to  a  small  extent.  The  metals  are  by  far  the  best 
conductors ;  glass,  silk,  shellac,  and  dry  gas,  or  vapour  of  any  sort, 
the  very  worst ;  and  between  these  there  are  bodies  of  all  degrees  of 
conducting  power. 

Electrical  discharges  take  place  silently  and  without  disturbance  in 
good  conductors  of  sufficient  sise.  But  if  the  charge  be  very  intense, 
and  the  conductor  very  small  or  imperfect  from  its  nature,  it  is  often 
destroyed  with  violmce. 

When  a  break  is  made  in  a  conductor  employed  in  effecting  the  dis- 
charge of  a  highly-excited  body,  disruptive  or  spark-discharge,  so  well 
known,  takes  place  across  the  intervening  air,  provided  the  ends  of  the 
conductor  be  not  too  distant.  The  electrical  spark  itself  presents  many 
points  of  interest  in  the  modifications  to  which  it  Is  liable. 

The  time  of  transit  of  the  electrical  wave  through  a  chain  of  good 
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andDCth^  bodica  of  great  length  i>  >o  inliiiite  u  to  be  alt^gethsr  io- 
•nxKiiblt  to  ordiiuiy  mnoi  of  obgeiriUon.  Prof«BOr  Whcatslone'l 
WJ  iDgccJuiu  experiments  oa  the  Bubject  girfl,  in  the  JnAtance  of  mi>* 
tin  tfanii^h  a  copper  wije,  a  TeJocitr  surpoMJi^  that  of  light. 

BntncaL  ereitatioil  ia  q^jpormi  only  upon  the  sur^uxa  of  CDoductoni, 
or  UioM  portioni  directed  towsrds  other  objects  espable  of  assuming  the 
i^tmtt  state.  An  insnlated  bait  charged  with  positive  electricitf, 
ai  planed  in  the  cmtre  of  the  rooDi,  i«  maiDtmiaed  ia  that  state  bj 
lit  mduiliTe  B(.*tioii  of  the  walle  of  the  tpartment,  which  itnmediatelj 
lenme  negatn-el  j  electrized ;  in  the  interior  of  the  ball  there  ia  abso- 
btetj  no  electricity  lobe  foond,  although  it  maj  he  constructed  of  open 
Betal  gaoie,  vith  meshes  half  an  inch  wide.  Even  on  the  surftce  the 
diitiibrttion  of  electrical  force  will  not  always  be  the  same ;  it  will 
dcpnd  upon  the  figure  of  the  body  itself,  and  ite  pwition  with  regard 
la  ■urronnding  objects.  The  polarity  will  alw»p  be  highest  in  the  pro- 
JKticgieLtreaiilJes  of  the  larae  eosd  acting  nuae,  imd  greateit  of  all  when 
<W  an  attenuated  to  points  j  in  which  case  ijw  inequality  becomes  so 
{rat  that  disdvirge  takes  place  to  the  air,  and  the  eidlM  condition 
onnot  be  maiotained. 


The  oonstmctioD  and  uee  of  the  common  electrical  machine,  and 
oUier  pieces  of  appiratus  of  ereaC  practical  utility,  will,  by  the  aid  of 
thtte  priociples,  become  intelTigible. 

A  ciaia  cyUnder  i>  mounted  with  iti  aiis  in  a  horizontal  position. 
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and  prorided  with  a  handle  or  winch  hy  which  It  oaj  \»  turned.  A 
leather  cushion  is  made  tn  press  by  a  apnOj;  againat  one  aide  of  Um 
cjlinder,  while  a  lai^e  metal  conducting  body,  arnwd  with  a  Dumber 
of  points  peit  the  glaae.  occupies  tlie  other:  both  cosbioa  and  GOU~ 
doctor  are  insulated  by  glasa  lupporta,  and  to  the  upper  edge  of  the 
lomier  a  piece  of  silk  ii  attached  long  enough  to  reach  half  roond  the 
cjlioder.  Upoa  tbe  cushion  is  ipfead  a  quantity  of  ion  amalgani 
M  IJD,  zinc,  and  toercury,*  miied  up  with  a  little  grease ;  thti  cab- 
•tance  ia  found  by  eiperience  to  excite  glan  mwt  powerfully.  Tbe 
cylinder  aa  H  tuma  thoa  beoomes  diarged  by  friction  againat  ihts 
rubber,  and  a>  quickly  diacharged  by  the  row  of  points  attached  to  the 
great  conductor  i  and  as  the  Utter  ia  alao  completely  inaulated,  ita 
aurftoB  ipeedily  aequira  a  charge  ofpoaitlTe  electricity,  which  may  be 
oommaiuaited  by  contact  to  other  insolated  bodjee.    The  ma  Timing 

ria.1i. 


and  gmt  eflk«f  is  ebulned  br  mliiog  ti  paru  nurcurT,  at  Un,  and  II  il 
It  la  bstlet  applleil  lo  dlk  Utu  to  lealtier. 
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Autber  fono  of  the  electriol  machine  consi  jti  of  «  circnUr  plate  of 
;Ih  muring  upou  ui  luis,  ind  prorided  with  two  pairs  of  cuibion*  or 
nitiBi,  Mxiiitd  to  the  upper  and  loner  psrla  of  the  wooden  frame, 
tmmd  with  amalgun,  between  which  Ihe-plate  inoTO  wilh  mniider- 
lUc  fiictiou.  An  ioiulkted  conductor,  annol  u  before  with  points, 
ilucliuf^  the  piste  ■■  it  turnn,  the  rubber  being  at  the  ume  time 
^DtuHCCeJ  with  the  ground  by  the  wood^work  of  tbe  nuchiue,  or  by  a 
sbip  of  met&l.  Th*  modifiatioii  of  the  ippantiu  ia  pteferred  in  all 
OH  where  coouderable  power  is  wonted. 

Id  the  practical  numagement  of  eiectricai  ApparataB,  ^r^t  care  must 
be  taken  In  prerent  depoaition  of  moistnre  from  the  air  upon  the  aar- 
baof  the  glaaa  aupporta,  which  thould  alwaji  be  vamiihed  with  f!ne 
lie  diasolTed  in  alcohol ;  the  nlightist  fihn  of  water  i>  auflicient  to 
deitroT  the  power  of  iniulation.  Tha  rubbers  al»  muit  be  carefully 
dried,  and,  like  the  plate,  cleansed  fiom  adhering  dust  before  aae,  and 
the  amalgun  renewed  if  needrol :  In  damp  weather  much  trouble  ia 
lAen  eipehcDced  in  bringing  tile  machine  into  lowerful  action. 

When  the  conductor  of  the  machine  it  charged  with  electncity,  it 
■da  indirectlf  on,  and  accumulates  the  contrary  electriaty  to  its  own, 
at  tile  sur&ce  of  all  the  surrounding  conductors.  It  produces  the 
reatest  ellect  on  the  conductor  that  is  neamt  to  it,and  whii:b  ii  in  the 
best  Cdaneiion  with  the  ground  whereby  the  electricity  of  Che  same 
kind  as  that  of  the  machine  may  pass  to  the  mrth.  At  tha  inducing 
*ttricity  attracta  the  induced  electricity  of  an  opposile  kind ;  ao,  on 
the  other  hand,  is  the  former  attracted  hj  the  latter.  Hence,  Ibe  flnid 
which  the  conductor  receiTei  iVom  the  machine  must  especially  accn- 
muiatt  at  that  spot  to  which  another  good  conductor  of  electricity  is 
cppoaed.  If  a  metal  dine  is  in  conueiion  with  the  conductor  of 
a  machine,  and  if  another  similar  disc,  which  ia  in  good  conneiiou 
with  the  earth,  is  placed  opposite  to  it,  we  have  an 
^^^angement  by  which  tolerably  large  and  good  con-  ^^-  ^3- 

ducting  snifacet  can  be  brought  close  to  one  another: 
thus  tbe  poiitlve  condition  of  the  first  disc,  as  well 
•a  the  n^atire  condition  of  the  other,  must  be  in- 

ovasad  to  a  very  ronjiderable  degree  :  Uie  limit  ia  in 

this  caK,  however,  soon  reached,  because  the  inler- 

veniiig  air  easily  permits  spark  dischaige  to  take 

place  ihroogh  its  substance.     With  a  solid  insulating 

lody.as  glaas  or  lac,  this  happens  with  much  greater 

diScnlty,  eren  when  tbe  plate  of  insulating  matter 

■sTeiy  thiD.     Itis  on  this  principle  that  instrumenta 

fiir  the  aocOBUilalion  of  electricity  depend,  amoni; 

vhich  the  Leyden  jar  is  the  most  important. 
A  Ihinglat*  jaris  coated  on  both  sdea  with  tinfoil, 

care  being  taken  to  leare  several  inches  of  the  upper 

part  nnoorered ;  a  win,  hrminating  in  a  metallic  knob,  annmimicates 

with  the  internal  coating.    When  the  out»de  of  the  jar  is  connected 
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with  the  eartli,  and  the  knob  put  in  contiict  with  the  conductor  of  the 
madiine,  the  inner  and  outer  surfaces  of  the  glass  become  respectively 
positive  and  negative,  until  a  very  great  degree  of  intensity  has  been 
attained.  On  completing  the  connexion  between  the  two  coatings  by  a 
metallic  wire  or  rod,  dischaige  occurs  in  the  form  of  an  exceedingly 
bright  spark,  accompanied  by  a  loud  snap  ;  and  if  the  body  he  inter- 
posed in  the  circuit,  the  peculiar  and  disagreeable  sensation  of  the  elec- 
tric shock  is  felt  at  the  moment  of  its  completion. 

By  enlarging  the  dimensions  of  the  jar,  or  by  connecting  together 
a  number  in' such  a  manner  that  all  may  be  cbai^ied  and  discharged 
simultaneously,  the  power  of  the  apparatus  may  be  greatly  augmented. 
Thin  wires  of  metal  may  be  fused  and  dissipated  ;  pieces  of  wood  may 
be  shattered,  many  combustible  substances  set  on  fire,  and  all  the  well- 
known  effects  of  lightning  exhibited  upon  a  small  scale. 

The  electric  spark  is  often  very  conveniently  employed  in  chemical 
inquiries  for  firing  gaseous  mixtures  in  close  vessels.  A  small  Leyden 
jar  chained  by  the  machine  is  the  most  effective  contrivance  for  this 
purpose ;  but,  not  unfrequently,  a  method  may  be  resorted  to  which 
mvolves  less  preparation.  This  is  by  the  itse  of  the  electrophorus.  A 
round  tray  or  dish  of  tinned  plate  is  prepared,  having  a  stout  wire 

round  its  upper  edge ;  the  width 
^*0-  T3.  may  be   about  twelve  inches, 

and  the  depth  half  an  inch. 
This  tray  is  filled  with  melted 
shellac,  and  the  surface  rendered 
as  even  as  possible.  A  brass 
disc,  with  rounded  edge,  of  about 
nine  inches  diameter,  is  also  pro- 
vided, and  fitted  with  an  insu- 
lating handle.  When  a  spark 
is  wanted,  the  resinous  plate 
is  excited  by  striking  with  a 
diy,  warm  piece  of  fur,  or  a  silk  handkerchief;  the  cover  is  placed 
upon  it,  and  touched  by  the  finger,  together  with  the  rim  of  the  plate. 
When  the  cover  is  raised,  it  is  found  so  strongly  charged  by  induction 
with  positive  electricity,  as  to  give  a  bright  spark ;  and,  as  the  resin  is 
not  discharged  by  the  cover,  which  merely  touches  it  at  a  few  pointi>, 
sparks  may  be  drawn  as  often  as  may  be  wished. 

It  is  not  known  to  what  cause  the  disturbance  of  the  electrical 
equilibrium  of  the  atmosphere  is  due :  experiment  has  shown  that  the 
higher  regions  of  the  air  are  usually  in  a  positive  state,  the  intensity  of 
which  reaches  a  maximum  at  a  particular  period  of  the  day.  In  cloudy 
and  stormy  weather  the  distribution  of  the  atmospheric  electricity  be* 
comes  much  deranged,  clouds  near  the  surface  of  the  earth  oflen  ap- 
pearing in  a  native  state. 

The  circumstances  of  a  thunderstorm  exactly  resemble  those  of  the 
chai^  and  discharge  of  a  coated  plate  or  jar.;  the  doud  and  the  earth 
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nprewnt  the  two  coatings,  and  the  intervening  air  the  bad  oonduci- 

i^  bodr,  or  dielectric.     The  polarities  of  the  opposed  surface  and  of 

the  iasolating  mediam  between  them  become  raiBed  by  mutual  induc- 

tioD,  imtii  violent  dismptiTe  discharge  takes  place  through  the  air 

iteU^  or  through  any  other  bodies  which  may  happen  to  be  in  the 

Dterral.     When  these  are  capable  of  cond acting  freely,  the  disdiarge 

is  silent  and  hamalees  ;  bat  in  other  cases  it  often  proves  highly  de* 

streeUve.      These   dangerous  effects  are   now  in  a  great  measure 

•bnated  by  the  use  of  lightning-rods  attached  to  buildings,  the  ei-ection 

•f  which,  however,    demands  a  number  of  precautions  not  always 

BBilentood  or  attended  to.     The  masts  of  ships  may  be  guarded  in 

like  manner  by  metal  conductors :  Sir  W.  Snow  Harriit  has  devised  a 

nost  ingenious  plan  for  the  purpose,  which  is  now  adopted,  with  the 

most  complete  success,  in  the  Royal  Navy. 

SL^CTRIG  CUBBBNT;  ELECTRIC  BATTERY. 

When  two  solid  conducting  bodies  are  plunged  into  a  liquid  which 
acts  upon  them  unequally,  the  electric  equilibrium  is  also  disturbed, 
the  one  acquiring  the  positive  condition,  and  the  other  the  negative. 
T^n^  pieces  of  zinc  and  platinum  put  into  dilute  sulphuric  add,  con- 
stUate  an  arrangement  capable  of  generating  electrical  force :  the  zinc 
bang  the  metal  attacked,  becomes  negative;  and  the  platinum  re* 
Biaininjg  nnaltered,  assumes  the  positive  condition  ;  and  on  making  a 
OMtailic  communication  in  any  way  between  the  two  plates,  discharge 
^>»ues,  as  when  the  two  sor&ces  of  a  coated  and  chai'ged  jar  are  put 
into  connexion. 

Ko  sooner,  however,  has  this  occurred,  than  the  disturbance  is  re- 
peated; and  as  these  successive  charges  and  discbarges  take  phice 
through  the  fluid  and  metab  with  inconceivable  rapidity,  the  result  is 
ui  apparently  continuous  action,  to  which  the  term  ekdrical  current 
is  given. 

It  is  ntooBBtaj  to  guard  against  the  idea,  which  the  term  naturally 
wi^ests,  of  an  actual  bodily  transfer  of  something  through  the  sub- 
stance of  the  conductors,  like  water  through  a  pipe :  the  i-eal  nature  ot 
til  these  phenomena  is  entirely  imknowu,  and  may  perhaps  remain  so ; 
the  expression  is  convenient  notwithstanding,  and  consecrated  by  long 
^^i  and  with  this  caution,  the  very  dangerous  error  of  applying 
figuratire  language  to  describe  an  effect,  and  then  seeking  the  iiature  of 
ue  efiect  from  the  common  meaning  of  words,  may  be  avoided. 

The  intensity  of  the  electrical  excitement  developed  by  a  single 
P>hr  of  metals  and  a  liquid  is  too  feeble  to  efiect  the  most  delicate  gold- 
^  electrosoope  ;  but,  by  arranging  a  number  of  such  alternations  in  a 
connected  series,  in  such  a  manner  that  the  direction  of  the  current 
*^  be  the  same  in  each,  the  intensity  may  be  very  greatly  exalted. 
'Hie  two  instruments  invented  by  Volta,  called  the  pile  and  crown  of 
^ps^  depend  upon  this  principle. 
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UpofiH  pUUofiinc  j>  lalda  piece  of  clotb,  ntlier  emallcr  tbui  iUelf^ 
aUepad  in  dilute  acid,  or  itDf  liquid  capable  ofeierting  dmnioBl  tction 
npoDthe  liuc;  upon  thii  it  pUcedaplsteof  copper,  silver,  or  pktinum  ; 
tbea  >  Mcond  piece  of  cine,  uioUier  dolb,  lod  a  pUte  of  inactive  metal, 
„    ,  nntil  a  [Hie  of  nlwut  twentjr  alteraatioai  hag  been 

'^' "  built  up.     If  the  two   terminal  plate*   b«   now 

touched  sith  wet  haada,  the  nenutioa  of  tbe 
electric  »huck  will  be  eiperienccd  ;  bat,  onlike  th« 
momentary  efiect  produced  by  lie  discharge  of  » 
jar,  the  aeDutiDD  can  be  repeated  at  will  bj  repeat- 
ing the  contact,  and  with  a  pile  of  one  huMred 
such  pain,  eicited  bj  dilute  acid,  it  will  b«  nearly 
iniupportable.  Wbea  auch  a  pile  !■  inaulated,  tbe 
two  eitremitieseihibil  strong  positive  and  ncgatii-B 
platn;  and  when  conaeiion  ia  made  between  thou 
by  wirca  armed  with  points  of  hard  chatcoai  or 
plnmbago,  the  discharge  takes  place  in  the  Jbrm  of 
a  bright  enduring  ^lark  or  stroim  of  Jin, 

The  second  form  of  appwatus,  or  crown  ofcnpa, 

~  'n  principle,  although  different  iu  appearance,    A 

ranged  in  a  row  or  circle,  eaiL'h  ooataiiUDg 


copper. 


iddjiut. 


iinple.    The  onpper 


of  the  Rnt  cup  is  connected  with  the  line  of  the  eecond,  the  co|iper  of 
the  aecond  with  the  line  of  the  third,  and  lO  to  tlie  end  of  (he  seriet. 
On  establiahing  a  communioitlon  between  the  first  and  last  plates  by 
mcanA  of  a  wire,  or  otberwise,  discharge  taka  place  aa  before. 

When  any  inch  dectricnl  arrangement  connsta  merely  of  a  single 
pair  of  conductors  and    an   interpued   liquid,  it  is  called  a  simple 

pound  circuit"  is  applied:  they  are  called  also,  indifferentlr,  voltaic 
batteries.  In  erery  fcrm  of  auoh  apparatus,  howerer  complex  it  may 
appear,  the  direction  of  the  cuneut  may  be  easily  underatood  and 
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nmonbered.  The  polnrity  or  distarbance  may  be  considered  to  com- 
iKice  at  the  surface  of  the  metal  attacked,  and  to  be  propagated 
duroQ^li  the  liquid  to  the  inactive  condjictor,  and  thence  back  again  by 
tbt  oonnecting  wire,  these  extremities  of  the  battery  being  always 
respectively  negative  and  positive  when  the  apparatus  is  insulated. 
fa  common  parlance,  it  is  aaid  that  the  current  in  every  battery  in  an 
sctive  state  starts  from  the  metal  attacked,  passes  through  the  liquid 
to  the  aeoond  metal  or  conducting  body,  and  returns  by  the  wire  or 
other  channel  of  coinmunicati<Mi ;  hence,  in  the  pile  and  crown  of  cops 
JDSC  described,  the  current  in  the  battery  is  always  from  the  sine  to  the 
copper ;  'and  oat  of  the  battery,  from  the  copper  to  the  zinc,  as  shown 
ky  the  arrows. 

In  the  modification  of  VoUa's  original  pile,  made  by  Mr.  Cruik- 
diaak,  the  zinc  and  copper  plates  are  soldered  together  and  cemented 
water-tight  into  a  mahogany  trough,  which  thus  becomes  divided  into 
a  series  of  cells  or  compartments  capable  of  receiving  the  exciting 
liquid.  This  apfparatos  is  well  fitted  to  exhibit  effects  of  tension,  to 
act  upon  the  electroscope  and  give  shocks ;  hence  its  advantageous  em- 
ployment in  the  application  of  electricity  to  medicine,  as  a  very  few 

Fig.  76. 


minutes  sufiice  to  prepare  it  for  use.  The  crown  of  cups  was  also  put 
into  a  much  more  manageable  form  by  Dr.  Babingtoo,  and  still 
farther  improved,  as  will  hereafter  be  seen,  by  Dr.  Wollaston.  Sub- 
sequently, various  alterations  have  been  made  by  different  experi- 
menters with  a  Tiew  of  obviating  certain  defects  in  the  common 
batteries,  of  which  a  description  wUl  be  found  towards  the  middle  ot 
the  volume. 

The  term  "  galvanism,"  sometimes  applied  to  this  brandi  of  elec- 
trical science,  is  used  in  honour  of  Professor  Galvani,  of  Bologna, 
who,  in  1790,  made  the  very  curious  observation  that  convulsious 
could  be  produced  in  the  limbs  of  a  dead  frog  when  certain  metals 
were  made  to  touch  the  nerve  and  muscle  at  the  same  moment.  It 
was  Volta,  however,  who  pointed  out  the  electrical  origin  of  these 
motions ;  and  although  the  explanation  he  offered  of  the  source  of  the 
electrical  disturbance  is  no  longer  generally  adopted,  his  name  is  veiy 
properly  associated  with  the  invaluable  instrument  his  genius  gave  to 


In  the  year  1822  Professor  Seebeck,  of  Berlin,  discovered  another 
•oorce  of  electricity,  to  which  allusion  has  already  been  made,  namely, 
inequality  of  temperature  and  conducting  power  in  diffeient  metals 
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placed  in  contact,  or  in  the  same  metal  indifferent  states  of  compreGBion 
and  density.  Even  with  a  great  number  of  alternations,  the  current 
produced  is  exceedingly  feeble  compared  with  that  generated  by  the 
voltaic  pile. 

Some  animals  of  the  cla<«  of  fishes,  as  the  torpedo  or  ^ectrio  ray, 
and  the  electric  eel  of  South  America,  are  furnished  with  a  special 
organ  or  apparatus  for  developing  electrical  force,  which  is  employed 
in  defence,  or  in  the  pursuit  of  prey.  Electricity  is  here  seen  to  be 
closely  connected  with  nervous  power :  the  shock  is  given  at  the  will 
of  the  animal,  and  great  exhaustion  follows  repeated  exertion  of  the 
power. 

ELECTB0-HA0NETI8M. 

Although  the  fact  that  electricity  is  capable,  under  certain  circum- 
stances, both  of  inducing  and  of  destroying  magnetism,  has  long  been 
known  from  the  effects  of  lightning  on  the  compass-needle  and  upon 
small  steel  articles,  as  knives  and  forks,  to  which  polarity  has  suddenly 
been  given  by  the  stroke,  it  was  not  until  1819  that  the  laws  of  these 
phenomena  were  discovered  by  Professor  Oersted,  of  Copenhagen,  and 
shortly  afterwards  fully  developed  by  M.  Ampere. 

The  action  which  a  current  of  electricity,  proceeding  from   any 
source,  exerts  upon  a  magnetized  needle  is  quite  peculiar.     The  poles 
or  centres  of  magnetic  force  are  neither  attracted   nor  repelled   by 
the  wire  carrying  the  cun-ent,  but  made  to  move  around  ^e  latter, 
by  a  force  which  may  be  termed  tangential,  and  which  is  exerted  in  a 
direction  peqxMidicular  at  once  to  that  of  tiie  current,  and  to  the  line 
joining  the  pole  and  the  wire.     Both  poles  .of  the  magnet  being  thus 
acted  upon  at  the  hame  time,  and  in  contrary  directions,  the  needle  is 
forced  to  arrange  itself  across  the  current,  so  that  its  axis,  or  the  line 
joining  the   poles,  may  be  perpendicular  to  the  wire ;  and  this  is 
always  the  position  which  the  needle  will  assume  when  the  influence 
of  terrestrial  magnetism  is  in  any  way  removed.     This  curious  angular 
motion  may  even  be  shown  by  suspending  a  magnet  in  such  a  way 
that  only  one  of  its  poles  shall  be  subjected  to  the  current ;  a  perma- 
nent movement  of  rotation  will  continue  as  long  as  the  current  is  kept 
up,  its  direction  being  changed  by  altering  the  pole,  or  reversing  the. 
current.    The  moveable  connexions  are  made  by  mercury,  into  which 
the  points  of  the  conducting-wires  dip.     It  is  often  of  great  practical 
consequence  to  be  able  to  predict  the  direction  in  whidb  a  particular 
pole  shall  move  by  a  given  current,  because  in  all  galvanoscopes,  and 
other  instruments  involving  these  principles,  the  movement  of  the 
needle  is  taken  as  an  indication  of  the  direction  of  the  circulating 
current.     And  this  is  easily  done  by  a  simple  mechanical  aid  to  the 
memory : — Let  the  current  be  supposed  to  pass  through  a  watch  from 
the  face  to  the  back ;  the  motion  of  the  north  pole  will  be  in  the 
direction  of  the  hands.    Or  a  little  piece  of  apparatus  may  be  used  if 
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oRn  rtqnind :  Ibis  is  a  piece  of  pastebrard,  or  otlier 
rial,  cut  ioto  the  form  of  an  urow  for  mdicntiDg  tilt 
nuTtot,  croved  by  s  magnet  haviog  He  polee  marked,  and  mrranged  in 
tW  true  poBitioii  with  reipect  to  the  current.  The  dijectioD  of  the 
litter  in  the  wire  of  the  galranoicope  can  at  ODce  be  knowa  by  pladng 
ife  npnsoilauTe  magnet  in  the  direclioa  wumed  by  the  needle  it*elf. 


The  commau  galTanoscope,  conbistiui;  of  a  coil  of  wire  hiring  a 
oimpius-DeHlle  naspeaded  on  i  point  within  it,  i>  greatly  IroprDred  by 
the  KUiUoii  of  a  aeroiul  needle  as  already  in  pari  described,  and  by  a 
better  iDode  of  aaipension,  a  long  fibre  of  nlk  being  used  for  the  pnr- 
(we.  The  two  needlefi  are  of  equal  tiie,  snd  magneliied  as  nearly  is 
poBible  to  the  aame  eitent ;  tliey  are  then  immoreably  Ried  together 
{•rallel,  onJ  with  their  pole*  opposed,  and  hung  with  the  lower  needle 
in  the  cc41  and  the  uppa  one  above  it.  The  advantage  gained  ia  two- 
bid:  the  EyKlein  !■  atkUk,  unaffeeted,  or  nearly  so,  by  the  mag- 
netinn  of  the  CHith;  and  the  needles  b«ing  both  acted  upon  in  the 
anie  Dunner  by  the  current,  are  urged  with  much  greater  force  tbaa 
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Fig.  19. 


hj  which  the  angular  motion  can  be  measured;  and  the  whole  ia 
enclosed  in  glass,  to  shield  the  needles  from  the  agitation  of  the  Air. 
The  whole  is  shovm  in  fig.  78. 

The  action  between  the  pole  and  the  wire  is  mutual,  as  may  Be 

shown  by  rendering  the  wire  itself  movable,  and  placing  a  magnet  in 

4t8  vicinity :  on  completing  the  circuit  the  wire  will  be  put  in  motion^ 

and,  if  the  arrangement  permits,  rotate  around  the  magnetic  pole. 

A  little  consideration  will  show,  that,  fiom  the  peculiar  nature  of  tHe 

electro-dynamic  force,  a  wire  carrying  a 
current,  bent  into  a  spiral  or  helix,  most 
possess  the  properties  of  an  oxxlinai-y 
magnetiied  bar,  its  extmnities  being  at* 
tracted  and  rppelled  by  the  poles  of   a 
magnet.    Such  is  really  found  to  be  the 
case,  as  may  be  provea  by  a  variety  of 
arrangements,  among  which  it  will   be 
sufficient  to  cite  the  beautiful  little  appa- 
ratus of  Professor  de  la  Rive. — A  diort 
wide  glass  tube  is  fixed  Into  a  cork  ring 
of  considerable  size ;  a  little  voltaic  bat- 
tery, consisting  of  a  single  pair  of  copper 
and  zinc  plates,  is  fitted  to  the  tube,  and  to  these  the  ends  of  the  spiral 
are  soldered.    On  filling  the  tube  with  dilute  add,  and  floating  the 
whole  in  a  large  basin  of  water,  the  helix  will  be  observed  to  arrange 

itself  in  the  magnetic  meridian,  and  on  trial 
it  will  be  found  to  obey  a  magnet  held  near 
it  in  the  most  perfect  manner,  as  long  as  the 
current  circulates. 

When  an  electric  current  is  passed  at  right 
angles  to  a  piece  of  iron  or  steel,  the  latter  auC" 
quires  magnetic  polarity,  either  temporary  or 
])ermanent  as  the  case  may  be,  the  direction  of 
the  current  determining  the  position  of  the 
poles.  This  effect  is  prodigiously  increased 
by  causing  the  current  to  circulate  a  number 
of  times  round  the  bar,  which  then  acquires 
extraordinary  magnetic  power.  A  piece  of  soft 
iron,  worked  into  the  form  of  a  horse-shoe,  and 
surrounded  by  a  coil  of  copper  wire  covered 
with  silk  or  cotton  for  the  purpose  of  insulatioDy 
furnishes  an  excellent  illustration  of  the  in- 
ductive energy  of  the  current  in  this  respect : 
when  the  ends  of  the  wire  are  pat  into  com- 
munication with  a  small  voltaic  battery  of  a 
single  pair  of  plates,  the  iron  instantly  becomes 
so  highly  magnetic  as  to  be  capable  of  sustaining  a  very  heavy  weight. 
M,  Ampere  discovered  in  the  course  of  his  investigations  a  number 
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•Totrnnelj  interesting  phenomena  reiulting  from  the  action  of  eleo 
tfical  coirento  on  each  other,  which  become  evident  when  arrangements 
m  made  for  giving  mobility  to  the  oondncting  wires.  He  found,  that 
vboi  two  currents,  flowing  in  the  same  direction,  were  made  to 
iffroefih  each  other,  strong  attraction  took  place  between  them,  and, 
Tben  in  opposite  directions,  an  equally  strong  repulsion.  These  effects, 
vbieh  are  not  dlfficalt  to  demonstrate,  have  absolutely  no  relation  that 
OD  be  traced  to  ordinary  electrical  attractions  and  repulsions,  from 
vUdb  they  mast  be  carefully  distinguished ;  they  are  purely  dynamic^ 
kxriag  to  do  with  electricity  in  motion.  M.  Ampdre  founded  upon 
tkb  discovery  a  most  beautifiil  and  ingenious  hypothesis  of  magnetic 
tttioDs  in  general,  whidi  explains  very  clearly  the  influence  of  the 
OBfnnt  upon  the  needle. 

MAONETO-ELECTRICITT. 

A.  corrent  of  electricity  can  thus  develop  magnetism  in  a  transverse 
direction  to  its  own ;  in  the  same  manner,  magnetism  can  call  into 
activity  electric  currents.  If  the  two  extremities  of  the  coil  of  the 
cWctro-magnet  above  described  be  connected  with  a  galvanoscope,  and 
t^K  iron  magnetized  by  the  application  of  a  permanent  steel  horse-shoe 
Bagnet  to  the  ends  of  the  bar,  a  momentary  current  will  be  developed 
a  the  wire,  and  pointed  out  by  the  movement  of  the  needle.  It  lasts 
but  a  single  instant,  the  needle  returning  after  a  few  oscillations  to  a 
«*«te  of  rest.  On  removing  the  magnet,  whereby  the  polarity  of  the 
son  is  at  once  destroyed,  a  second  current  or  wave  will  become  appo- 
R&t»  but  in  the  opposite  direction  to  that  of  the  first.  By  employing 
a  very  powerful  steel  magnet,  surrounding  its  iron  keeper  or  armature 
vith  a  very  long  coil  of  wire,  and  then  making  the  armature  itself 
Totate  in  front  of  the  faces  of  the  magnet,  so  that  its  induced  polarity 
■^  be  rapidly  revened,  magneto-electric  currents  may  be  produced, 
of  tnch  intensity  as  to  give  bright  sparks  and  most  powerful  shocks, 
aod  eihibit  all  the  |^enomena  of  voltaic  electricity.  Fig.  81  repre- 
■ents  a  very  powerful  arrangement  of  this  kind. 

^hen  two  covered  wir»  are  twisted  together  or  laid  side  by  side 
fiv  some  diBtanoe«  and  a  current  transmitted  through  the  one,  a  mo- 
nieiituy  electrical  wave  will  be  induced  in  the  other  in  the  reverse 
^uiecdon,  and  on  breaking  connexion  with  the  battery,  a  second  single 
vsve  will  become  evident  by  the  aid  of  the  galvanoscope,  in  the  same 
'^''Ktion  as  that  of  the  primary  current.  In  the  same  way  when  a 
WTToit  of  electridty  passes  through  one  turn  in  a  coil  of  vrire,  it 
ndocas  two  seoondary  currents  in  all  the  other  turns  of  the  coil: 
voen  the  circuit  is  closed,  the  first  is  moving  in  the  opposite  direction 
^  ^  primary  current ;  the  second,  when  the  cutiuit  is  broken,  has 
a  motion  in  the  same  direction  as  the  primary  current.  The  effect  of 
»e  latter  is  added  to  that  of  the  primary  current.  Hence,  if  a  wire 
^  Vie  made  part  of  the  conducting  wire  of  a  weak  electric  pile,  and 
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if  the  prhnuT  curraDt,  by  menu  of  aa  ippnipiiBte  arraageiiient,  b 
le  and  brakoi  in  rapid  tuccetaioD,  ve  can  iucrcue  in  a  nmarkabl 


a  the  tStcit  whidi  art  produced  at  the  moment  of  hresltiog  th- 
'  cilher  at  the  place  of  interruptioo^iuFh  u  Ihe  ipark-diachu-ga 
-mndarr  dosing  onuluctiin,  such  as  the  action  oa  tbe  Qei-ve«  o 
mpoeitJOD  of  water. 

0  copper  virea,  the  oot  above  the  other,  be  twiited  round  ttn 
eame  hollow  cylinder,  aad  one  of  thfM  wim — fbr  lastaDct,  the  inne 
ooe — be  DVBde  part  of  a  galvanic  circuit,  a  current  of  short  duration  ii 
induced  in  Iha  outer  wire,  both  by  making  and  by  breaking  contact 


The  eirength  of  thii  current  can  bevtry  appreciably  increafed  by  tilling 
the  holiow  cylinder  with  a  bundle  of  thin  iron  rodi,  when  inagDetip 
aud  electrical  induction  are  made  to  co-operate.  The  more  frequently 
conlHct  i>  alternately  made  and  broken,  the  greater  is  the  number  of 
induced  currents  that  follow  each  other,  and  the  more  powerful,  within 
oertain  limita,  it  the  action.  Dr.  lieef  hat  conilnjcted  an  ingmiooa 
contrivance,  in  which  contact  is  made  and  broken  by  Ihe  current  ileelf, 
whereby  bii  induction  apparatu)  actually  becomes  an  electrical  machine. 
Fig.  82  eihihiu  the  original  apparatus  slightly  modified.  The  arrange- 
ment easentinlly  coneiita  in  an  ehulic  copper  stripe  a  o*,  which  is  fixed 
at  a',  and  carr}'ing  at  6  a  small  plate  of  soft  iron.  The  latter  hangs 
«ver  the  irm  rods  of  the  iodiictkin  coil,  which  an  aomewhat  raiud  in 
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tliu  puticnlar  point,  but  vithout  touching  thnn.  The  end,  a,  of  the 
ocCT«"  stripe  if  coTired  with  t  little  phits  of  pUtinum,  which  preatt 
•giiut  a  platinum  point  ol'  the  icrew,  c.  The  currait,  hiiving  turetied 
the  inner  coil,  paasea  from  the  point,  c,  to  the  pliitc,n,  in  order  to  return 
ihrot^h  tb*  copper  stripe,  a  a*,  ami  the  wire,  i'.  Bj  the  pisuge  of  tlie 
nuTFotthe  iron  rcd»  Sate  become  nugnetic  and  atlmct  tlie  inn  pUle,  b, 
wbetebj  the  end,  a,  of  the  copper  etripe  ia  mnored  from  the  pUUnnm 

fig.  S3. 
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ume  CI  lis  onaiuiHoni,  inc  velocity  of  whirh  may  be  enm'"' 
pit<;h  of  the  not«a  pnidnnd.  This  npgiiiratuf ,  nhich  wot 
ij  Dr.  Neef,  in  1830,  hm  been  coniiderHbly  improved  wit 
feir  jeara.  U.  Ruhmkui-ff,  eipecinllj  by  a  mure  pprfr 
of  the  flire  coils,  haa  it  a  miich  greater  extent  succeeded,  i 
the  electrical  induction.     He  has  thus  obtained  a  state 
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in  tht  latt 

s 
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n  which  rwembles  that  produced  hj  frictional  electricity;  the 
■paric  is  mpuble  of  crossing  the  air  in  mnunrable  distUKcs,  not  in 
isolilrddiKhsreea,  but  in  streams  of  brilliant  tight  The  stiochs  of  thia 
•pparatus  reiwnible  those  of  a  moderate  Leyden  jar,  but  differ  finm  the 
lailer  by  the  rapidity  wilh  which  they  mny  be  repealed  at  pleasure. 
By  means  of  Rah mkorlT*  coil.  Grove  ha^  lately  rlTected  decompositions  in 
water  and  other  bad  conducting  liijuids,  which  resemble  thow  obtained 
louiy  years  ago  by  Wollaiitan  by  means  of  the  electrical  machine. 
"Hiote  phenomena  of  deccmposition  which  in  water,  for  instance,  furnish 
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oxygen  and  hydrogen  at  the  same  pole,  must  be  distingaiiihed  from  true 
electrical  decompositions ;  they  are,  in  fiict,  effiicts  of  heat,  as  Grove 
has  pointed  oat. 

ELECTBTcrrr  of  vapour. 

The  dectridty  ezhiVited  under  certain  peculiar  dronmstanocs  by  a 
jet  of  steam,  first  obsenred  by  mere  accident,  but  since  closely  invee- 
tjgated  by  Sir  W.  Armstrong,  and  also  by  Mr.  Faraday,  is  now  referred 
to  the  friction,  not  of  the  pure  steam  itself,  but  of  particles  of  coq-> 
densed  water,  against  the  interior  of  the  exit  tube.  It  has  been  proved 
with  certainty  in  the  last  few  years  that  evaporation  alone  is  not 
capable  of  disturbing  the  electrical  equilibrium,  and  the  hope  first  en- 
tertaiued,  that  these  phenomena  would  throw  light  upon  the  cause  of 
electrical  excitement  in  the  atmosphere,  is  now  abandoned.  The 
steam  is  usually  positive,  if  the  jet>pipe  be  constructed  of  wood  or 
dean  metal,  but  the  introduction  of  the  smallest  trace  of  oily  matter 
causes  a  change  of  sign.  The  intensity  of  the  change  is,  cafieris  paribus^ 
increased  with  the  elastic  force  of  the  steam.  By  this  means  effects 
have  been  obtained  very  ftr  surpassing  those  of  the  most  powerful 
plate  electrical  machines  ever  constructed. 

Although  no  electridty  can  be  directly  evolved  by  evaporation,  yet 
vapour  possesses  in  a  high  degree  the  property  of  dischai'ging  into  the 
atmosphere  that  electricity  whiefa  often  accumulates  in  those  bodies 
from  which  it  arises.  The  fresh  branches  and  leaves  of  trees  do  this 
to  the  greatest  extent.  When  moistened  with  rain  or  dew  thdr  sur&oes 
become  positivdy  dectrical,  whilst  the  internal  parts^  even  to  the  rootSt 
become  negativdy  dectrical. 
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PART  11. 


CHEMISTRY  OP  ELEMENTARY  BODIES. 

Tbe  term  element  or  elementary  substance  is  applied  in  chemistry  to 
thoK  £ini&t  or  modifications  of  matter  which  have  hitherto  resisted  all 
attempts  to  decompose  them.  Nothing  is  ever  meant  to  be  affii'med 
<soDQeming  their  real  nature ;  they  are  simply  elements  to  us  at  the 
pRsfiK  time ;  hereafter,  by  new  methods  of  research,  or  by  new  com- 
binationB  of  those  ali^eady  possessed  by  science,  many  of  the  Substances 
vfaidi  now  figure  as  elements  may  possibly  be  diown  to  be  compounds ; 
this  has  already  happened,  and  may  again  take  place. 

The  elementary  bodies,  at  present  recognized,  amount  to  sixty-four 
in  Dombcr ;  of  these,  about  forty-nine  belong  to  the  class  of  metals. 
Sereral  of  these  are  of  recent  disoovery  and  as  yet  very  imperfectly 
known.  The  distinction  between  metals  and  non-metallic  substances, 
slthougb  Tei-j  convenient  for  purposes  of  description,  is  entirely  arbi- 
trary, since  the  two  classes  giaduate  into  each  other  in  the  most  oom- 
fkte  manner. 

It  will  he  proper  to  commence  with  the  latter  and  less  numerous 
dirisicm.  The  elements  are  named  as  in  the  subjoined  table,  which, 
howeyer,  does  not  indicate  the  order  in  which  they  will  be  discussed. 


KON-METALLIG 
EL£M£NTS. 

Oxygen 

Hydrogen 

Nitrogen 

Chlorine 

Iodine 

Bromine 

Fluoriae 

Carbon 

Silicon 

Boron 

Salphur 

Selenium 

Phosphorus. 

ELKMENTS  OF  IHTER- 
XEDIATE  CHAaACTERS, 

Arsenic 
Tellurium 


Antimony 
Chromium 
Vanadium 
Tungsten 

ror  Wolfram) 
Molybdenum 
Tantalum 


HETALS. 

Gold 

Aluminium 

Beryllium 

(orGlucinum) 
Zirconium 
JVbnuwif 
Thorium 


(or  Columbium) Yttrium 


Niobiian 

Titanium 

Uranium 

Platinum 

Palladium 

Rhodium 

Iridium 

Ruthenhen 

Osmium 


Cerium 

Erbium 

Terbium 

Lantaman 

Didymium 

Bismuth 

Tin 

Mercury 

Silver 

Lead 


Thallium 

Barium 

Strontium 

Calcium 

Magnesium 

Zinc 

Cadmium 

Nickel 

Cobalt 

Copper 

Iron 

Manganese 

Lithium 

Sodium 

Potassium 

Rubidium 

Caesium 


Whatever  plan  of  clasaifiiaticHi,  toaoiri  on  the  nalunti  relaKons  of 
tho  elementa,  be  ado)>t«l,  in  the  practifsl  study  of  chemistr;,  it  will 

of  the  great  oomtituoita  of,the  ncenn  and  the  ntmcsphei r. 

Oiygen  was  disoorared  in  the  jtac  1774.  bj  Sthwie,  in  Swedra, 
and  Dr.  Priestle;,  In  t^ngland,  iDde]>end«iitl7  at  nch  other,  and  de- 
scribe] under  the  terms  empyreai  air  and  dep/Uof/vitkated  air.  The 
naina  oijifen*  wu  given  to  it  b;  Lavoisier  some  time  aftetwanl*. 
Oiygen  eiista  in  a  free  and  uncombined  state  in  the  atmosphere, 
mingled  with  another  gAswiua  budy,  nitrogen:  no  veiy  good  direct 
memiB  eiist,  however,  for  separating  it  from  the  latter,  and,  accord- 
ingly, it  is  alwavi  oblfllned  for  purpowa  uf  rip^rimeiit  by  dtcompaaiDg: 
certain  of  its  compounds,  which  are  verv  numetous. 

The  red  oiide  ofmen^ury,  or  red  precipitate  of  the  old  writ«ra,  may 
be  employed  with  this  view,  la  tiiis  substance  the  attraction  which 
holds  (ogelber  the  mercury  and  the  oiygen  is  ao  leeble,  that  dmple 
exposure  lo  heat  saffices  to  bring  about  decompoaitiou.     file  [id  prvv 


cipitate  is  placed  In  a  short  tube  of  hard  glass,  to  which  is  Rtti^l  a  per- 
fbrat«il  cork.  Furnished  with  a  piece  nf  narrow  glass  tube,  bent  aa  in 
the  figure.  The  heat  of  a  npirit-liirop  being  affiled  to  Ih*  snUtanoe, 
deoompoutiou  qwedily  commences,  globules  of  metallic  mercury  collect 
*  Fmi  t{n,  add.  and  yiprau,  1  give  rbe  to. 
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M  the  cool  part  of  the  wide  tube,  which  answers  the  purpose  of  a 
retort,  while  gas  isstuea  in  considerable  quantity  from  the  apparatus."' 
Tliif  gas  is  collected  and  examined  by  the  aid  of  the  pneumatic  trough, 
vhich  consists  of  a  Teasel  of  water  provided  with  a  shelf,  upon  which 
itUKl  the  jars  or  bottles  destined  to  receive  the  gas  filled  with  water 
ttd  inserted.  By  keeping  the  level  of  the  liquid  above  the  mouth  of 
^  jar,  the  wato*  is  retained  in  the  latter  by  the  pressure  of  the  at- 
mo^here,  and  entrance  of  air  is  prevented.  When  brought  over  the 
otremity  of  the  ga»-delivering  tube,  the  bubbles  of  gas  rising  through 
tbe  water  collect  in  the  upper  part  of  the  jar  and  displace  the  liquid. 
A«  sow  as  one  jar  is  filled,  it  may  be  removed,  still  keeping  its  mouth 
Mow  the  water-level,  and  another  substituted.  The  whole  arrange- 
noit  IB  shown  in  fig.  83. 

The  experiment  described  is  more  instructive  as  an  excellent  case  of 
the  resolution  by  simple  means  of  a  compound  body  into  its  oonsti- 
fcocnts,  than  valuable  as  a  source  of  oxygen  gas.  A  better  and  more 
cooDomical  method  is  to  expose  to  heat  in  a  retort,  or  flask  furnished 
with  a  bent  tube,  a  portion  of  the  salt  called  chlorate  of  potassa.  A 
oommon  Florence  flask  serves  perfectly  well,  the  heat  of  a  spirit-lamp 
(Kiog  sufficient.  The  salt  melts  and  decomposes  with  ebullition,  yielding 
&  very  large  quantity  of  oxygen  gas,  which  may  be  collected  iu  the  way 
above  described.  The  first  portion  of  the  gas  oflen  contains  a  little 
chlorine.  The  white  saline  residue  in  the  flask  is  chlori'Je  of  potassium. 
This  plan,  which  is  very  easy  of  execution,  is  always  adopted  when  very 
po^e  gas  is  required  for  analytical  purpo£«8.f 

A  third  meUiod,  very  good  when  perfect  purity  is  not  demanded,  is 

to  heat  to  redness,  in  an  iron  retort  or  gun-barrel,  the  black  oxide  of 

manganese  of  commerce,  which  under  these  circumstances  sMfiers  de- 

(xmiposition,  although  not  to  the  exteut  manifest  in   tlte  red  pre- 

i        cipitate.J 

If  a  little  of  the  black  oxide  of  manganese  be  flnely  powdered  and 
nixed  with  chlorate  of  potassa,  and  this  mixture  heated  in  a  flask  or 
retort  by  a  lamp,  oxygen  will  be  disengaged  with  the  utmost  facility, 

*  CSuailsts  are  In  tbe  habit  of  representing  the  elements  by  symbols,  and 
their  oompouDds  by  formnlsD.  The  same  ^rnibollcal  language,  which  Is  fully 
cxpiataied  in  a  subsequent  section  of  the  work  (General  Principles  of  Chemical 
^IVosophy^  is  used  for  representing  the  changes  which  the  chemical  compounds 
^mdergo.  For  tbe  benefit  of  the  advanced  student,  the  formula  expreesing  tbe 
Biore  important  decompositions  are  now  given  In  foot-notes.  The  decomposi- 
tion of  oxide  of  mercury  Is  thus  repretiented ; — 

HgO  =  Hg  +  0 

Oxide  of  mercury.  Mercury.  Oxygen, 

t  KO.CIO5  =  KCl 


{^hkaateof  potassa.           Chkvlde  of  potassium. 
t  3MdO,  s  MnO.Hn«Oa  +    

yRyixldff  nf  Tn«nganM«.  noto-sesquloxlde  OX  Oxygen. 

manganese. 
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and  at  a  (kr  lower  temperature  than  when  the  cUomte  alone  is  oaed. 
All  the  oxjfssa  comes  from  the  chlorate,  the  mangnnese  remaining  qaita 
unaltered.  The  materials  should  be  well  dried  in  a  capsule  before  theur 
introduction  into  the  flask.  This  experiment  affords  an  instance  of  aa 
effect  by  no  means  rare,  in  which  a  body  raems  to  act  by  its  mere  yn- 
sence,  without  taking  any  obvious  part  in  the  changie  brought  about. 

Methods  for  the  preparatioD  of  oxygen  on  a  large  scale,  will  be  fouod. 
described  nnder  the  heads  of  sulphuric  acid  and  binoxide  of  barium. 

Whatever  method  be  choeen-~and  the  same  remark  applies  to  the 
collection  of  all  other  gases  by  similar  meniis — the  first  portions  of  gas 
must  be  suffered  to  escape,  or  be  received  apart,  as  they  are  contami- 
nated by  the  atmospheric  air  of  the  apparatus.  The  pnctioal  manage- 
ment of  gases  is  a  point  of  grent  importance  to  the  chemical  student, 
and  one  with  which  he  must  endeavour  to  &miliariM  himself.  The 
water 'trough  just  described  ia  one  of  the  most  indispensable  articles  of 

Fig.  Si, 


the  laboratory,  and  by  its  aid  all  experiments  on  gases  are  carried  on 
when  the  gases  themselves  are  not  sensibly  acted  upon  by  water.  The 
trough  is  best  constructed  of  japanned  copper,  the  form  and  dimensions 
being  regulated  by  the  magnitude  of  the  jars.  It  should  have  a  firm 
shelf,  so  arranged  as  to  be  always  about  an  inch  below  the  level  of  the 
water,  and  in  the  shelf  a  groove  bhould  be  made  about  half  an  inch  in 
width,  and  the  same  in  dei^th,  to  admit  the  extremity  of  the  delivery- 
tube  beneath  the  jar  which  stands  securely  upon  the  shelf.  When  the 
pneumatic  trough  is  required  of  tolerably  large  dimensions,  it  may  with 
great  advantage  have  tiie  form  and  disposition  represented  in  the  out 
(fig.  84),  and  the  end  of  the  groove  spoken  of,  which  crosses  the  shelf 
or  diallow  portion,  is  shown  at  a. 

Gases  are  transferred  from  jar  to  jar  with  the  utmost  facility,  by 
first  filling  the  vessel  into  which  the  gas  is  to  be  passed  with  water, 
inverting  it,  carefully  retaining  its  mouth  below  the  water-level,  and 
then  bringing  beneath  it  the  aperture  of  the  jar  containing  the  gas. 
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Od  gmtlj-  mdining  the  latter,  the  gu  ptatea  by 
dfcuution  into  the  MCHid  Tend.     Wfaes  the  litter 
uj  be  pUc«l  iDOHljr  in  iti  neck,  hj 
which  IwaCg^wiUbcibuDiiliilM 
ircTsitcd. 

A  >r  wbotir  or  pulitllj  lilleil 
vHh  pc  mt  tlie  paeuDWtlc  traugh 
maj  b«  roiiimd  b;  placing  beneath 
ii  a  ihallow  baain,  or  eien  a  com- 
moo  plate  lo  a»  to  earry  away 
HUHigh  water  to  cover  the  edge  of 
the  jar  :  aod  maoy  gaecs,  enpecially 
Biygeo,   may    be   »   praKrred    for 

4iAs-j3T¥  are  ofiea  capped  at  the 
tup,  and  fitted  with  a  itop^ock  for 
traoaferriDg  gai  tobladden  omout- 
ehoiu:  baga.  When  mch  a  tohI  ii 
to  be  filled  with  water,  iC  may  be 
tlowly  aunk  in  an  upright  position 

is  the  well  of  the  pneumatic  trough,  the  stop-cock  being  open  lo  nSow 
the  ur  to  eicape,  until  the  water  reaches  the  brau  cap.  The  cock  is 
thei  to  be  tuTi>eil,  md  the  jar  lifted  upon  the  ihelF,  and  liUed  with  gn 
IB  the  uiual  way.  li'  the  trough  be  not  deep  enoagh  for  this  method 
of  proceeding,  the  moulli  maybe  applied  to  the  alop-cock,  and  ihevteael 


dbysi 


king  01 


n  allci 


t  is  pniper 
much  aa  posaible  wetti^  the 
Mop-coc^,  and  other  biaai  qjparutua. 

Mr.  Pepya  CDntrired  many  yean  ^o  an 
admirable  piece  of  apparatns  for  storing  and 
Rtainiug  large  qtuntitiea  of  gaa.  It  con- 
ijila  of  a  drum  or  naerroir  of  sheet  copper, 
surmoanted  by  a  shuUow  trough  or  oistera, 
the  communication  between  the  two  b 
made  l^  a  coaple  of  tubes  fu 
itop-cocka,  one  of  which  passes  nearly  to 
tlv  bottom  of  Jhe  drum,  aa  shown  in  the 
aectionat  sketdi,  A  abort  wide  open  tub*  la 
inserted  obliquely  near  the  bottom  of  the 
reaael,  into  which  a  plug  may  be  tightly 
acrewed.  A  stop-cock  new  the  top  aervet 
to  tnnafer  gaa  to  a  bladder  or  tuba  af^ia- 

ratqs.     A  ftaff  wateir-gaage  ifiixed  to  the  aide  of  the  dram,  and  com- 
municating with  both  top  and  bottom,  indicalM  the  lerel  of  tbe  liquid 

To  use  tbe  gu-bo!der,  the  plug  ie  Grit  to  be  screwed  into  the  loner 
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bpHiing,  Kod  the  drum  tomplsWj  filled  with  wsler.  All  thre*  stop- 
cocki  in  then  to  be  doted,  hikI  the  plug  muoved.  The  presmire  of  th« 
atmcHphere  retniiu  the  wnler  in  the  gns-holder,  snd  if  no  air-leaka^ 
occur,  the  esrape  of  water  ii  inccnnderHble.  The  eitremity  of  the 
deliTery-tube  ii  dow  .to  be  well  pushed  through  the  opes  aperture  into 
the  drum,  »  that  the  hahblei  of  gas  mnj'  rise  nithout  hindnnce  to 
the  upper  part,  diiplaciiig  the  water,  which  flowi  out  in  the  nmt  pro- 
portion tnio  a  vessel  placed  for  its  reception.  When  the  drum  is  fill«d, 
or  enough  gae  hu  been  collected,  the  tube  is  withdrawn  and  the  plug 
berewed  into  its  place. 

When  a  portion  of  the  gas  is  to  b«  tronaferred  to  a  jar,  the  latter  is 
to  be  filled  with  water  at  the  pneLimatlc  trough,  carried  bj  the  help  oF 

iborXa  tube.      On  opening  the  cock  of  the  neighbouring  tube,  the 
bydnBtntic  presaure  of  the  culumn  of 
FiS'  ST.  water  will  cause  comprestian  of  the 

gas,  and  increase  it>  elulic  force,  so 
thst  on  gently  turning  the  cm*  be- 
neath the  jar,  It  will  ascend  Into  tho 
latter  in  a  rapid  stream  of  bubbles. 


all  attempti  to  reduce  it  to  the  liquid 
or  solid  condition  by  cold  and  presanre 
hartng  completsly  failed.      It  is,  when 

odorous,  the  lustainlng  prindl^  of  animal  life,  and  of  all  the  ordinary 
phenomena  of  cotnbusiion. 

Bodies  which  bum  in  the  air,  bnm  with  greatly  increased  iplendour 
in  oxygen  gas.  If  a  taper  be  blown  out,  aud  then  introduced  while 
the  wick  remains  red-hot.  it  is  inntautly  rriilndled:  a  slip  of  wood  or 
a  match  is  tellghted  in  the  same  manner.  This  effect  is  highly  cha- 
racteristic of  oiygen,  there  being  but  one  other  gas  which  poeeetseE  the 
same  property  ;  and  this  b  eully  dlstinguiibed  by  otlier  means.  The 
experiment  wiU)  the  match  ie  nl so  canal eiitly  nted  at  a«ude  leat  of  the 
purity  of  the  gas  when  it  is  about  to  be  collected  from  the  reloit,  or 
when  it  has  stood  some  time  in  contact  with  water  eipoaed  to  air. 

When  a  bit  of  charcoal  is  affiled  lo  a  wire,  and  plimged  with  a  single 
point  red-iiot  int«  a  jaj*  of  oiygen,  it  bums  with  great  brilliancy,  throw- 
ing  itff  beautiful  scintillatloiiB,  until,  if  the  oiygen  be  in  eiceai,  it  is 
completely  consumed.  An  iron  wire,  or,  still  better,  a  steel  watch 
■iiring,  armed  at  its  eitraraity  with  a  bit  of  ligbteil  amndou,  and  intro- 
duced into  a  Teasel  of  oiygen  gas,  eihiblta  a  moat  beautiful  phenomenoo 
of  oombkutioa.   If  the  uperiment  be  made  in  a  jar  standing  on  t  plate. 
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ike  fa:^  glo\>ales  of  black  oxide  of  iron  fix  themselves  in  the  glaze  of 
the  Utter,  after  falling  through  a  stratum  of  water  half  an  inch  in 
<iepth.  Kindled  sulphur  burns  with  great  beauty  in  oxTG;en;  and 
fiKKphoms,  under  similar  circumstances,  exhibits  a  splendour  which 
titt  eve  is  unable  to  support. 

Id  these  and  manj  other  similar  cases  which  might  be  mentioned, 
the  same  ultimate  effect  is  produced  as  in  atmospheric  air ;  the  action 
b,  however,  more  enei^tic,  from  the  absence  of  the  gas  which  in  the 
air  ffilutes  the  oxygen,  and  enfeebles  its  chemical  powers.  The  process 
of  respiration  in  animals  is  an  effect  of  the  same  nature  as  common 
oocnbustion.  The  blood  ctmtains  substances  which  slowly  bum  by  the 
a(hi  of  the  oxygen  thus  introduced  into  the  system.  When  this  action 
QBKses,  life  becMnes  extinct. 

Oxygen  is  bulk  for  bulk  a  little  heavier  than  atmospheric  air,  which 
is  usually  taken  as  the  standard  of  unity  for  the  speciHc  gravity  of 
games.  Its  specific  eravitv  is  expressed  by  the  number  1*1057  ;*  100 
cabic  inches  at  60  (15  '5C),  and  under  the  mean  pressure  of  the 
atmosphere,  that  is,  30  inches  of  mercury,  weigh  34*29  grains. 

It  has  been  already  remariced,  that  to  determine  with  the  utmost 
degree  of  aocurac-y  the  sped  tic  gravity  of  a  gas  is  an  operation  of  very 
great  practical  dithculty,  but  at  the  same  time  of  very  gieat  im- 
portaooe.  There  are  several  methods  which  may  be  adopted  for  this 
purpose:  the  one  below  described  appears,  on  the  whole,  to  be  the 
amplest  and  best.  It  requires,  however,  the  most  scrupulous  care, 
and  the  observance  of  a  number  of  minute  precautions,  wliich  are  abso- 
latcly  indispensable  to  success. 

The  plan  of  the  operation  is  as  follows : — A  large  glass  globe  is  to 
be  filled  with  the  gas  to  be  examined,  in  a  perfectly  pure  and  dry  state, 
haring  a  known  temperature,  and  an  elastic  force  equal  to  that  of  the 
atmosphere  at  tlie  time  of  the  experiment.  The  globe  so  filled  is  to  be 
weighed.  It  is  then  to  be  exhausted  at  the  air-pump  as  fiir  as  possible, 
and  again  weighed.  Lastly,  it  is  to  be  filled  with  dry  air,  the  tempe- 
rature and  pressure  of  which  are  known,  and  its  weight  once  more 
determined.  On  the  supposition  that  the  tonperature  and  elasticity 
are  the  same  in  both  case:},  the  specific  gravity  is  at  once  obtained  by 
dividing  the  weight  of  the  gas  by  that  of  the  air. 

The  globe  or  flask  must  be  made  very  thin,  and  fitted  with  a  brass 
cap,  surmounted  by  a  small  but  excellent  stop-cock.  A  delicate  thei'" 
mometer  should  be  placed  in  the  inside  of  the  globe  secured  to  the  cap. 
The  gas  must  be  generated  at  the  moment,  and  conducted  at  once  into 
the  previously  exhausted  vessel,  through  a  long  tube  filled  with  frag- 
ments of  pumice  moistened  with  oil  of  vitriol,  or  some  other  extremely 
faygroacopic  substance,  by  which  it  is  freed  from  all  moisture.  As  the 
gas  is  necessarily  generated  under  some  pressure,  the  elasticity  of  that 
contained  in  the  filled  globe  will  slightly  exceed  the  pressure  of  the 

r 
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atmosphere ;  and  this  is  an  advantnge,  since,  \>j  opening  the  stop-oock 
for  a  single  instant,  when  the  globe  has  attained  an  equilibrium  of 
temperature,  the  tension  becomes  exactly  that  of  the  air,  so  that  all 
barometrical  correction  is  avoided,  unless  the  pressure  of  the  atmo- 
sphere should  sensibly  vary  during  the  time  occupied  by  the  ezpori- 
ment.  It  is  hardly  necessary  to  remaric  that  the  greatest  care  mnat 
also  be  taken  to  purify  and  dry  the  air  used  as  the  standard  of  com- 
parison, and  to  bring  both  gas  and  air  as  nearly  as  possible  to  the  same 
temperature,  to  obviate  the  necessity  of  a  correction,  or  at  least  to  di- 
minish almost  to  nothing  the  errors  involved  by  such  a  process. 

The  compounds  formed  by  the  direct  union  of  oxygen  with  other 
bodies,  bear  the  general  name  of  oxides :  these  are  very  numerous  and 
important.  They  are  conveniently  divided  into  three  principal  groups 
or  classes.  The  first  division  contains  all  those  oxides  which  resemble 
in  their  chemical  relations  potassa,  soda,  or  the  oxide  of  silver  or  of 
lead:  these  are  denominated  alkaliM  or  6astc  oxides,  or  sometimes 
aalifiable  bases.  The  oxides  of  the  second  group  have  properties  exacU  j 
opposed  to  those  of  the  bodies  mentioned ;  oil  of  vitriol  and  phosphorio 
acid  may  be  taken  as  the  typical  representatives  of  the  class ;  they 
are  called  acids,  and  they  tend  strongly  to  unite  with  the  basic  oxides. 
When  this  happens,  what  is  called  a  salt  is  generated,  as  sulphate  of 
potassa,  or  phosphate  of  silver,  each  of  these  substances  being  oom- 
pounded  of  a  pair  o[  oxides,  one  of  which  is  highly  basic  and  the  other 
highly  acid. 

Then  there  remains  a  third  group  of  what  may  be  termed  neutral 
oxides,  from  their  slight  disposition  to  enter  into  combination.  The 
black  oxide  of  manganese,  alieady  mentioned,  is  an  excellent  example. 

It  very  frequently  happens  that  a  body  is  capable,  of  uniting  with 
oxygen  in  several  proportions,  forming  a  series  of  oxides,  to  whidi  it  is 
necessary  to  give  distinguishing  names.  The  rule  in  such  cases  is  very 
simple,  at  least  when  the  oxides  of  the  metals  are  concerned.  In  sueli 
a  series  it  is  always  found  that  one  out  of  the  number  has  a  strongly- 
marked  basic  character ;  to  this  the  term  protoxide  is  generally  given. 
The  compounds  next  succeeding  receive  the  names  of  Unoxide  or  detU^ 
oxide,  teroxida  or  tritoxide,  &c.,  from  the  Latin  and  Greek  numerals, 
the  difierent  grades  of  oxidation  being  thus  indicated.  If  there  be  a 
compound  between  the  protoxide  and  binoxide,  the  name  sesquioxide  is 
usually  applied.  So  it  is  usual  to  call  the  highest  oxide,  not  having 
distinctly  acid  characters,  peroxide,  from  the  Latin  prefix,  signifying 
excess.  Any  compound  containing  less  oxygen  tiian  the  protoxide,  is 
called  a  suboxide.  Superoxide  or  kyperoxide  is  a  word  sooietimeB  used 
instead  of  peroxide. 

Ozene. — It  has  long  been  known  that  dry  oxygen,  or  atmospheric 
air,  when  exposed  to  &  passage  of  a  series  of  electric  sparks,  emits  a 
peculiar  and  somewhat  metallic  odour.  The  same  odour  may  be 
imparted  to  moist  oxygen,  by  allowing  phosphorus  to  remain  for  some 
time  in  it,  and  by  several  other  processes,    A  more  accurate  examinaf- 
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of  this  odorofoi  air  1u»  shown  that,  in  addition  to  the  smell,  it 
ineii  flereral  properties  not  exhibited  by  pure  oxygen.  One  of  its 
cnriofiB  eflects  is  the  liberation  of  iodine  from  iodide  of  potaasium. 
Thia  odoraas  principle  baa  been  the  subject  of  many  researches-^ 
by  Prof.  Schoenbein,  of  Basle,  who  proposed  the  name  of 
for  it.  Ozone,  as  produced  by  electrical  processes,  and  accord- 
ing to  the  hite  reaeerches  of  Dr.  Andrews  from  every  source,  is  a 
peealiar  modification  of  oxygen,  in  which  the  affinities  of  this  element 
8c«  wihanced  in  a  remarkable  manner.  ^See  also  teroxide  cf  hydrogen, 
p.  1*2.) 

HrDROOEir. 

Hydrogen  is  always  ohtained  for  experimental  purposes  by  deozidiz- 
ag  water,  of  which  it  forms  a  characteristic  component.! 

If  a  tube  of  iron  or  porcelain,  containing  a  quantity  of  filings,  or 
tomings  of  iron,  be  fixed  across  a  furnace,  and  its  middle  portion  be 
made  red-hot,  and  then  the  vapour  of  water  transmitted  over  the 
heated  metal,  a  lai'ge  quantity  of  permanent  gas  will  be  disengaged 
from  the  tube,  and  the  iron  will  become  converted  into  oxide,  and 
acquire  an  increase  in  weight.  The  gas  is  hydrogen :  it  may  be  col- 
lected orer  water  and  examined. 

When  zinc  is  put  into  water,  chemical  action  of  the  liquid  upon  the 
metal  is  imperceptiUe ;  but  if  a  little  sulphuric  acid  be  aidded,  de(»m- 
positioD  of  the  water  ensues,  the  oxygen  unites  with  the  zinc,  forming 
oxide  of  zinc,  which  is  instantly  dissolved,  by  the  acid,  while  the  hy- 
drogen, previously  in  union  with  that  oxygen,  is  disengaged  in  the 
gaseous  form.     The  reaction  is  represented  in  the  subjoined  diagram.} 

Water  {  ggggl____^ '^ 

Zinc ~ oxide  of  zinc  \  Sulphate  of 

Sulphuric  add /  oxide  of  zinc. 

The 'simplest  method  of  preparing  the  gas  is  the  following:  — A 
wide-necked  bottle  is  chosen,  and  fitted  with  a  sound  cork,  perforated 
by  two  holes  for  the  reception  of  a  small  tube-funnel  reaching  nearly 
to  the  bottom  of  the  bottle,  and  a  piece  of  bent  glass  tube  to  convey 
away  the  dismgs^ed  gas.  Granulated  zinc,  or  scraps  of  the  malleable 
metal,  are  put  into  the  bottle,  together  with  a  little  water,  and  sul- 
phuric acid  slowly  added  by  the  funnel,  the  point  of  which  should  dip 
into  the  liquid.  The  evolution  of  gas  is  easily  regulated  by  the  supply 
of  add ;  and  when  enough  has  been  discharged  to  expel  the  air  of  the 
ve«el,  it  may  be  collected  over  water  in  a  jar,  or  passed  into  a  gas- 
holder. In  the  absence  of  zinc,  filings  of  iron  or  small  nails  may  be 
osed,  but  with  less  advantage. 


*  FVom  o^th  I  smell. 
Hence  tbe  name,  tnm  v8up,  water,  and  ytrviM,  I  give  rise  to. 

HO,  SOs  +         Zn       =      Zn  0.  SOg         +        H 

fiydrated  salphoric  ackL        Zinc        Snlpbate  of  zinc        Hydrogen. 
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e  praclk«  will  soon  enable  the  papil  \a  oorairadt  and  amag^ 
■   tatifty   of    usefnl    forms   of   appanCus, 
^''  '^  in  which  ixittto,  and  other  aiticlei  always 

at  hand,  are  made  W  aupraede  more  coidy 
ioatnimentB.  Gtttu  tube,  piircbaard  by 
weight  a[  the  maker,  m*j  be  cut  bj  (craJch'* 
ing  with  ■  file,  and  then  applying  a  littla 
force  with  both  hands.  It  inay  be  softened 
and  bent,  when  of  small  dimenaloas,  b;  tbe 
flaoie  of  a  spirit-lamp,  or  a  candle,  or,  bettrr, 
bj  .a  gas  jet.  Cotlts  may  be  perforated  by 
a  heated  wire,  and  the  hole  rendered  smootji 
and  oyiindriml  by  a  round  file  ;  or  tbe  inge-: 
nious  coik-borer  of  Dr.  Mohr,  now  to  be 
had  of  all  mstniment-makers,  may  be 
used  instead.  Lastly,  in  the  cveDt  ol'  bad 
fitting,  or  un»andne»  in  the  cork  itself,  s 
little  yellow  war  melted  over  the  surface,  or 
even  a  little  grease  applied  with  the  finger,  tenders  it  sound  and  air- 
tight, when  not  expowd  to  hent. 

Hydrogen  is  colourless,  tasteless,  and  inodorous  when  quite  pnr«. 

To  obtain  it  hi  tbia  condition,  it  must  be  piepared  from  the  purest  liac 

that  can  be  obtained,  and  poaied  in  auccea'ion  thiough  solutiocu   of 

potaasa  and  nitrate  of  siU'er.     When  pre[Ared  from  commercial  zinc  it 

hu  a  alight  smell,  which  is  due  to  impurity,  and  when  iron  has  been 

need,  the  odour  becomes  ceiy  stroug  and  disagreeable.     It  is  inHoni- 

mnble,  buruicg.  nhen  kindled,  with  a  pale  yellonish  flame,  ami  evolring 

much   heat,  but  rerj  little  light.     The  reeiilt  of  the  combustion  is 

Fia.  et.        water.      It  is  even  len  soluble  in  water  than  oxygen, 

and  has  nerer  been  liquefied.       Although  destitute  of 

poisonous  |iropertie(,  it  is  incapable  of  sustaining  Eife. 

In  point  of  specific  gravity  hydrt^en  ia  the  lighteit 
substance  known ;  Dumas  and  Bouesingault  plac«  its 
density  between  0  0691  nnd  0-0695  :•  hence  100  cubic 
inches  will  weigh,  under  ordinary  circiflnstances  of  pret- 
Mire  and  temperature,  2-14  giaini. 

When  a  gas  is  much  lighlfr  or  much  heavier  than 
atmospherio  air,  it  may  omo  be  collected  tuid  emminrd 
without  tlie  aid  of  the  pneurnatic  tiovgh.  A  bottle  or 
narrow  jar  may  be  filled  with  hydrogen  without  mudi 
- '    '  '  ,f  air,  by  inverting  it  oter  the  eitremity  of 

tube  deiiTering  iJie  gae.     In  a  short  lime, 
air  will  be  wholly  dis- 
placed,  aki  the  les^l  filled.     It  may  now  be  rtmored, 
the  Tertical  pceitjon  being  carefully  retained,  and  cloaed 
r  or  glass  plate.      If  the  mouth  of  the  jar  be  wide,  it  most 
•  Ann.  Chim.  et  Fhyi.,  3rd  seites,  vlll.  Kil. 
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it  fartiallT  doted  hy  a  piece  of  cardboard  duriog  the  operation.    This 

loHiiod  of  collecting  gaaes  by  displaoeiaent  is  often  exU'emely  useful, 

Bjdra^ea  was  formerly  used  for  fillmg  air-balloons,  being  made  for 

die  porpoee  on  the  spot  from  zinc  or  inm  and  dilute  solphuric  acid. 

its  ue  is  superseded  by  that  of  ooal-gas,  which  may  be  made  very 

%bt  by  employing  a  high  temperature  in  the  manufactui*e.     Al- 

tboi^h  far  inferior  to  pure  hydrogen  in  buoyant  power,  it  is  found 

ii  pnctke  to  posBess  advantages  over  that  subsfance,  while  its  greater 

<^s!ty  is  easily  compensated  by  increasing  the  magnitude  of  the 
balkocL 

There  is  a  very  remarkable  property  enjoyed  by  gases  and  vapours 
■  general,  which  is  seen  in  a  high  degi'ee  of  intensity  in  the  case  of 
hjdrogen ;  this  is  what  is  called  difusive  power.  If  two  bottles  con- 
^^axng  gases,  which  do  not  act  chemically  upon  each  other  at  common 
tonperataresy  be  connected  by  a  narrow  tube  and  left  for  some  time, 
^^^^  will  be  found  at  the  expiration  of  a  certain  .period,  depending 
much  upon  the  narrowness  of  the  tube  and  its  length,  uniformly 
B^xed,  even  though  the  gases  differ  greatly  in  density,  and  the  system 
^  been  arranged  in  a  vertical  position,  with  the  heaviest  gas  down- 
vards.  Oxygen  and  hydrogen  can  thus  be  made  to  mix,  in  a  few  hours, 
*g*h*st  the  action  of  gravity,  through  a  tube  a  yard  in  length,  and 
-Bot  more  than  one  quarter  of  an  inch  in  diameter :  and  the  fact  is  ti-u« 
or  all  other  gases  which  are  destitute  of  direct  ai^tion  upon  each  other. 

^  a  vcseel  be  divided  into  two  portions  by  a  diaphragm  or  partition 
w  porous  earthenwate  or  dry  plaster  of  Paris,  and  each  half  filled 
^th  a  different  gas,  diffusion  will  immediately  commence  through  the 
V^  of  the  dividing  substance,  and  will  continue  until  peiiect  mix- 
tore  has  taken  place.    All  gases,  however,  do  i)ot  permeate  the  same 
porous  body,  or,  in  other  words,  do  not  pass  through  narrow  orifice^ 
with  the  same  degree  of  facility.     ProfcKsor  Graham,  to  whom  we  are 
Indebted  for  a  very  valuable  investigation  of  this  iutei'esting  subject, 
1^  establijihed  the  existence  of  a  very  simple  relation  between   the 
'^dity  of  diffusion  and  the  density  of  the  gas,  which  is  expres^ted  by 
*yuig  that  ttie  diffusive  power  varies  inversely  as  the  square  root  of 
^0  density  of  the  gas  itself*.     Thus,  in  the  experiment  supposed,  if 
<>oe  half  of  the  vessel  be  filled  with  hydrogen  and  the  other  half  with 
oxygen,  the   two  gasea  will  penetrate  the  diaphragm  at  very  different 
^^^ ;  four   cubic  inches  of  hydrogen  will  pass  into  tiie  oxygen  side, 
while  one  cubic  inch  of  oxygen  travels  in  the  opposite  direction.     The 
^eontics  of  the  two  gases  are  to  each  other  in  the  proportion  of  1  to 
^^ )  their  relative  rates  of  difiusion  will  be  inversely  as  the  square 
^ts  of  these  numbers,  ijs.,  as  4  to  1, 

%  making  the  diaphrai^  of  some  flexible  material,  as  a  piece  of 
'li^bnme,  the  accumulation  of  the  lighter  gas  on  the  side  of  the 
heavier  may  be  rendered  evident  hy  the  bulging  of  the  membrane. 
"^  simplest  and  most  striking  method  of  making  the  experiment  is 
^y  the  use  of  Professor  Gr/^ham's  diffusion-tube.    This  ia  merely  a 
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piece  of  wide  glass  tube  ten  or  twelve  inches  in  length,  haying'  one 
of  its  extremities  closed  by  a  plate  of  plaster  of  Paris  about  halF  an 
inch  thicl(,  apd  well  dried.    When  the  tube  is  filled  by  displaoem^n't 

with  hydrogen,  and  then  set  upright  in  a  g^lAss 
of  water,  tlM  levd  of  the  liquid  rises  in  the  €ube 
so  rapidly,  that  its  movement  is  apparent  to  tlie 
eye,  and  speedily  attains  a  height  of  several  inebes 
above  the  water  in  the  glass.  The  gas  is  actual  iy 
rarefied  by  its  superior  diffusive  power  over  tlia^ 
of  the  external  air.* 

It  is  impossible  to  over-estimate  the  importance 
in  the  economy  of  Nature  of  this  very  curious  la^ir 
affecting  the  constitution  of  gaseous  bodies :  it  ia 
tlic  prindpal  means  by  whidli  the  atmosphere  19 
preserved  in  a  uniform  state,  and  the  accumula* 
tion  of  poisonous  gases  and  exhalations  in  towns 
and  other  confined  localities  prevented. 

A  distinction  must  be  carefully  drawn  between 
real  diffusion  through  small  apertures,  and  the  ap- 
parently similar  passage  of  gas  through  wet  or  moist 
membranes  and  other  substances,  which  is  i^Iy  due 
to  temporary  liquefaction  or  solution  of  the  gns,  and  is  an  effect  com- 
pletely different  from  diffusion  properly  so  called.     For  example,  the 
diffusive  power  of  carbonic  acid  into  atmospheric  air  is  very  small,  but 
it  passes  into  the  latter  through  a  wet  bladder  with  the  utmost  ease,  in 
virtue  of  its  solubility,  in  the  water  with  which  the  membrane  is  moist- 
ened.    It  is  by  such  a  process  that  the  function  of  respiration  is  per* 
formed :  the  aeration  of  the  blood  in  the  lungs,  and  the  disengagement 
of  the  carbonic  acid,  are  effected  through  wet  membranes ;  the  blood  is 
never  brought  into  actual  contact  with  the  air,  but  receives  its  supply 
of  oxygen,  and  disembarrasses  itself  of  carbonic  add,  by  this  kind  of 
spurious  diffusion. 

The  high  diffusive  power  of  hydrogen  against  air  renders  it  impos- 
sible to  retain  that  gas  for  any  length  of  time  in  a  bladder  or  caout- 
chouc bag:  it  is  even  untiafe  to  keep  it  long  in  a  gas-holder,  lest  it 
should  become  mixed  with  air  by  slight  accidental  leakage,  and  ren- 
dered explosive. 

It  has  been  stated  that,  although  the  light  emitted  by  the  flame  of 
pure  hydrogen  is  exceedingly  feeble,  yet  the  temperature  of  the  fiame 
is  very  high.  This  temperature  may  be  still  further  exalted  by  pre^ 
viously  mixing  the  hydrogen  with  as  much  oxygen  as  it  requires  for 
combination,  that  is,  as  will  presently  be  seen,  exactly  half  its  volume. 
Such  a  mixture  bums  like  gunpowder,  independently  of  the  external 
air.    When  raised  to  tlie  requisite  temperature  for  combination,  the 

*  Profesgor  Gmhain  has  since  published  a  very  extensive  series  «f  researches 
on  the  passive  of  ganes  through  narrow  tubes,  which  will  be  found  In  detail  in 
the  Fhiloeopnical  Transactions  for  1846,  p.  572. 
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t«9  gMs  unite  with  explosive  violence.  If  a  strong  bottle,  holding 
BitnoR  than  half  a  pint,  be  filled  with  such  a  mixture,  the  introdac- 
tua  of  a  lighted  match  or  red-hot  wire  determines  in  a  moment  the 
wan  of  the  gases.  By  certain  precautions,  a  mixture  of  oxygen  and 
kfdn^  can  be  bamed  at  a  jet  without  communtcatioa  of  fire  to  the 
Mteoti  of  the  Tesael ;  the  fiame  is  in  this  case  8oHd. 

A  little  conaideiation  will  show,  that  all  ordinary  flames  burning  in 
fse  air  or  in  pare  oxjgen  are,  of  necessity,  hollow.  The  act  of  com- 
kstion  is  QfAhing  more  than  the  energetic  union  of  the  substance 
bailed  with  the  sorrounding  oxygen ;  and  this  union  can  only  take 
piue  at  the  surfiice  of  the  burning  body.  Such  is  not  the  case,  how- 
vm,  with  the  flame  now  under  consideration ;  the  combustible  and  the 
OKJ^  are  already  mixed,  and  only  require  to  hare  their  temperature 
&  little  raised  to  cause  them  to  combine  in  every  part.  The  flame  so 
pjdaced  is  very  different  in  physical  characters  from  that  of  a  simple 
jit  of  hydn^n  or  an  j  other  combustible  gas ;  it  is  long  and  pointed, 
Bd  very  remarkable  in  appearance. 

The  eafisty-jet  of  Mr.  Hemming,  the  construction  of  which  involves  a 
(riodpie  not  yet  discussed,  may  be  adapted  to  a  common  bladder  con- 


J^.  91. 


fig.  92. 
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tiiiung  the  mixture,  and  held  under  the  arm,  and  the  gas  forced  through 
the  jet  by  a  little  pressure.  Although  the  jet,  properly  constructed,  is 
believed  to  be  safe,  it  is  best  to  use  nothing  stronger  than  a  bladder,  for 
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fear  of  injury  fn  the  event  of  an  exploeion.  The  gases  are  often  con<« 
taiued  in  separate  reservoirs,  a  puir  of  lai^ge  gns-holders,  for  example, 
and  only  suflered  to  mix  in  the  jet  itself,  as  in  the  oontriTanoe  of  Pro« 
fessor  Uaniell : .  in  this  way  all  danger  is  ayoided.  1'he  eye  speedily 
hecomes  accustomed  to  the  peculiar  appeai-ance  of  the  true  hydro-, 
oxygen  flame,  so  as  to  permit  the  supply  -of  each  gas  to  be  exactly  r^;n<* 
lated  by  suitable  stop-cocks  attached  to  the  jet  (Hg.  91). 

A  piece  of  thick  platinum  wire  introduced  into  the  f)ame  of  ihe 
hydro-oxygen  blowpipe  melts  with  the  greatest  ease ;  a  watch-spring  or 
small  steel  file  bums  with  the  utmost  brilliancy,  tlirowing  off  showers 
of  beautiful  sparks;  an  incombustible  oxidized  body,  as  magnesia  or 
lime,  becomes  so  intensely  ignited  as  to  glow  with  a  light  insuppoiiable 
to  the  eye,  and  to  be  susceptible  of  employment  as  a  most  powerful 
illuminator,  as  a  substitute  for  the  sun's  rays  in  the  solar  microscope, 
and  for  night  signals  in  trigonometrical  surveys. 

If  a  long  glass  tube,  open  at  both  etids,  be  held  over'a  jet  of  hydrogen 
(fig.  92),  a  seiies  of  musical  sounds  are  sometimes  produced  by  the 
partial  extinction  and  rokindiing  of  the  flame  by  the  ascending  cnirent 
of  air.  These  little  explosions  succeed  each  other  at  regular  intervals, 
and  so  rapidly  as  to  give  rise  to  a  musical  note,  the  pitch  depending 
diiefly  upon  the  length  snd  diameter  of  tlie  tube. 

Although  oxygen  and  hydrogen  may  be  kept  mixed  at  common  tem- 
peratures for  any  length  of  time  without  combination  taking  place,  yet, 
under  particular  circumstances,  ther  unite  quietly  and  without  explo- 
sion. Many  years  ago.  Professor  Uobereiner,  of  Jena,  made  the  curious 
observation,  that  finely-divided  platinum  possessed  the  power  of  deter- 
mining the  union  of  the  gases ;  and,  more  recently,  Mr.  Faraday  haa 
shown  that  the  state  of  minute  division  is  by  no  means  indispensaUe, 
since  rolled  plates  of  the  metal  have  the  same  property,  provided  their 
surfaces  are  absolutely  clean.  Neither  is  the  effect  strictly  confined  to 
platinum  ;  other  metals,  as  palladium  and  gold,  and  even  stones  and 
glass,  enjoy  the  same  property,  although  to  a  far  inferior  degree,  since 
they  often  require  to  be  aided  by  a  little  he^it.  Whto  a  piece  of 
platinum-foil,  which  has  been  cleaned  by  hot  oil  of  vitriol  and  thorough 
washing  with  distilled  water,  is  thrust  into  a  jar  containing  a  mixture 
of  oxygen  and  hydrogen  standing  over  water,  combination  of  the  two 
gases  immediately  begins,  and  the  level  of  the  water  rapidly  rises,  whilst 
the  platinum  becomes  so  hot  that  drops  of  water  accidentally  falling 
upon  it  enter  into  ebullition.  If  the  metal  be  veiy  thin  and  exceedingly 
clean,  and  the  gases  veiy  pure,  then  its  temperature  rises  after  a  time  to 
actual  redness,  and  the  residue  of  the  mixture  explodes.  But  this  is  an 
effect  altogether  accidental,  and  dependent  upon  the  high  temperature 
of  the  ])latinum,  which  high  temperaturo  has  been  produced  by  the 
preceding  quiet  combination  of  the  two  bodies.  When  the  platinum  is 
reduced  to  a  state  of  minute  division,  and  it!«  surface  thereby  much  ex« 
tended,  it  becomes  immediately  red-hot  in  a  mixture  of  hydrogen  and 
oxygen,  or  hydrogen  and  air ;  a  jet  of  hydrogen  thrown  upon  a  little  of 
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the  FpoDgy  metal,  contained  in  a  gbtss  or  capsule,  becomes  at  once 
kindledy  and  on  this  principle  machines  tor  the  production  of  instanta- 
neous light  have  been  constructed.  These,  however,  only  act  well  when 
oonstantiy  asod ;  the  spongy  pktinnm  is  apt  to  become  damp  by  absorp- 
tkn  of  moisture  from  the  air,  and  its  power  is  then  for  the  time  lost. 

The  best  explanation  that  can  be  given  of  these  curious  effects  is  to 
snppoae  that  solid  bodies  in  general  have,  to  a  givater  or  less  extent, 
the  property  of  condensing  gtises  upon  their  surfiices,  and  that  this 
Acuity  is  eiijoyed  pre-eminently  by  certain  of  the  non-oxidixable  metals, 
as  plaiinom  and  gold.  Oxygen  and  hydrogen  may  thus,  under  these 
dicumstaDces,  be  brought,  as  it  were,  within  the  Rpbeiv  of  their  mutual 
attractions  by  a  temporary  increase  of  density,  wheieupon  combination 
ensues. 

Coal-gas  and  ether  or  alcohol  vapour  may  be  made  to  exhibit  the 
phenomenon  of  quiet  oxidation  under  the  influence  of  this  remarkable 
suriaoe-action.  A  close  spiral  of  slender  platinum  wire,  a  roll  of  thin 
foil,  or  even  a  common  platinum  crucible,  heated  to  dull  redness,  and 
then  held  in  a  jet  of  coal-gas,  becomes  strongly  ignited,  and  remains  in 
that  state  as  long  as  the  supply  of  mixed  gas  and  air  is  kept  up,  the 
temperatare  being  maintained  by  the  heat  disengaged  in  the  act  of 
onioo.  Sometimes  the  metal  becomes  white4iot,  and  then  the  gas 
takes  fire. 

A  very  pleasing  experiment  may  be  made  by  attaching  snch  a  coil 
of  wire  to  a  card,  and  suspending  it  in  a  glass  containing  a  few  drops 
of  ether,  having  previoudy  made  it  red-hot  in  the  iiame  of  a  spirit- 
lamp.     The  wire  continues  to  glow  until  the  • 
oxygen  of  the  air  is  exhausted,  giving  rise  to               ^^* 
the  production  of  an  irritating  vapour  which             y  ~y 
attacks  the  eyes.     The  combustion  of  the  ether        y^       *    '    /^ 
is  in  this  case  but  partial ;  a  portion  of  its  hy-      ^""iMnmn^^f 
drogen  is  alone  removed,  and  the  whole  of  the             \r   ^iflf 
carbon  left  untouched.                                                     \     ^jIV 

A  coil  of  thin  platinum  wire  may  be  placed  \     3'J« 

over  the  wick  of  a  spirit-lamp,  or  a  ball  of     '         \       im 
spongy    platinum    sustained   just    above    the  V. — --^ 

oottou :  on  lighting  the  Uimp,  and  then  blow-  ^^gF 

ing  it  out  as  soon  as  the  metal  appears  red-hot,  ^..-— 4t-— >^ 

slow  combustion  of  the  spirit  drawn  up  by  ^jIj^S\ 

the  capillarity  of  the  wick,  will  take  place,  ao-  V     i,  m* 

companied  by  the  pungent  vaponrs  just  men- 
tioned, which  may  be  modified,  and  even  rendered  agreeable,  by  dis- 
solving in  the  liquid  some  sweet^^melling  essential  oil  or  resin. 

Hydrogen  forms  numerous  compounds  with  other  bodies,  although  it 
is  greatly  surpassed  in  this  respect  not  only  by  oxygen,  but  by  many  of 
the  other  elements.  The  chemical  relations  of  hydrogen  tend  to  place 
it  among  the  metals.     The  great  discrepancy  in  physical  properties  is 
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perbajM  more  apparent  than  real.  Hydrogen  is  yet  unknown  then  in 
aolid  oonditiony  while,  on  the  other  hand,  the  vapour  of  the  metal  mer- 
cury is  as  transparent  and  colourless  as  hydrogen  itself.  This  vapour 
is  only  about  seven  times  heavier  than  atmoepheric  air,  so 
that  the  difference  in  this  respect  is  not  nearly  so  great 
as  that  in  the  other  direction  between  air  and  hydrogm. 

There  are  two  oxides  of  hydix^en,  namely,  water ^  and 
a  very  peculiar  substance,  discovered  in  the  year  1818 
by  M,  Thenard,  called  binoxide  cf  hydrogen. 

It  appears  that  the  composition  of  water  was  first 
demonstmted  in  the  year  1781  by  Mr.  Cavendish  ;* 
but  the  discovery  of  the  exact  proportions  in  which 
oxygen  and  hydrc^en  unite  in  generating  that  most  im- 
portant  compound  has  from  time  to  time  to  the  present 
day  occupied  the  attention  of  sonw  of  the  roost  distin* 
guished  cultivators  of  chemical  science.  There  are  two 
distinct  methods  of  research  in  chemistry,  the  analytical, 
or  that  in  which  the  compound  is  resolved  into  its  ele- 
ments, and  the  synthetical,  in  which  the  elements  are 
made  to  unite  and  pix)duce  the  compound.  The  first 
method  is  of  muc^  more  geneial  application  than  the 
second ;  but  in  this  particular  instance  both  may  be  em* 
ployed,  although  the  results  of  the  synthesis  are  the 
more  valuable. 

The  most  elegant  example  of  ana- 
lysis of  water  would  probably  be 
found  in  its  decomposition  by  voltaic 
electricity.  When  water  is  acidulated 
so  as  to  render  it  a  conductor,  and  a 
portion  interposed  between  a  pair  of 
platinum  plates  connected  with  the 
extremities  of  a  voltaic  apparatus  of 
moderate  power,  decomposition  of  the 
liquid  takes  place  in  a  very  interesting 
manner ;  oxygen,  in  a  state  of  perfect 
purity,  is  evolved  from  the  water  in 
contact  with  the  plate  belonginsr  to  ,. 
the  copper  end  of  the  batteiy,  and 
hydrogen,  equally  pure,  is  disengaged 
at  the  plate  connected  with  the  zinc 
extremity,  the  middle  portions  of 
liquid  renuuning  apparently  unaltered.     By  placing  small  graduated 


Fig.  95. 


*  A  claim  to  the  discovery  of  the  composition  of  water,  on  behalf  of  Mr. 
James  Watt,  has  been  very  strongly  urged,  and  supported  by  such  evidence 
that  the  reader  of  the  controversy  may  tw  led  to  the  condosion  that  the  dis- 
covery was  made  by  both  parties,  nearly  simultaneously,  and  unknown  to  each 
other. 
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jan  orer  the  platiaam  plates,  the  gases  can  be  collected,  and  their 
quantities  determined.  Figare  95  will  show  at  a  glance  the  whole 
anrangentent ;  the  conducting  wires  pass  through  the  bottom  of  the  glass 
CDp,  and  away  to  the  battery. 

When  this  experiment  has  been  continued  a  sufficient  time,  it  will  be 
foand  that  the  volume  of  the  hydrogen  is  a  very  little  aboTe  twice  that 
of  the  oxygen :  were  it  not  for  the  accidental  circumstance  of  oxygen 
being  sensibly  more  soluble  in  water  than  hydrogen,  the  proportion  of 
two  to  one  by  measure  would  come  out  exactly. 

Water,  as  Mr.  Grove  has  shown,  is  likewise  decomposed  into  its 
ooastitaentii  by  heat.  The  effect  is  produced  by  introducing  platinum 
balls,  ignited  by  electricity  or  other  means,  into  water  or  steam.  The 
two  gases  are  obtained  iu  very  small  quantities  at  a  time. 

When  oxygen  and  hydrogen,  both  as  pure  as  possible,  are  mixed  in 
the  proportions  mentioned,  passed  into  a  strong  glass  tube  filled  with 
mercury,  and  exploded  by  the  electric  spark,  all  the  mixture  disappears, 
and  the  mercury  is  forced  up  into  the  tube,  filling  it  completely.  The 
same  experiment  may  be  made  with  the  explosion-vessel  or  eudiometer 
of  Mr.  Cavendish  (fig.  94).  The  instrument  is  exhausted  at  the  air< 
pump,  and  then  tilled  from  a  capped  jar  with  the  mixed  gases ;  on 
passing  an  electric  spark  by  the  wires  shown  at  a,  explosion  ensues,  and 
the  glass  becomes  bedewed  with  moisture,  and  if  the  stop-cock  be  then 
opened  mider  water,  the  latter  will  rush  in  and  fill  the  vessel,  leaving 
merely  a  bubble  of  ur,  the  result  of  imperfect  exhaustion. 

The  process  upon  which  most  reliance  is  placed  is  that  in  which 
pnre  oxide  of  copper  is  reduced  at  a  red  heat  by  hydrogen,  and  the 
water  so  formed,  collected  and  weighed.  This  oxide  suffers  no  change 
by  heat  alone,  but  the  momentary  contact  of  hydrogen,  or  any  com- 
mon combustible  matter,  at  a  high  temperature,  suffices  to  roJuce  a 
corresponding  poilion  to  the  metallic  state.  Fig.  96  will  serve  to  con- 
vey some  idea  of  the  arrangement  adopted  in  researches  of  this  kind. 


Fig.  9^ 


A  oopions  supply  of  hydrogen  is  procured  by  the  action  of  dilute 
talphuric  acid  upon  the  purest  ziuc  that  can  be  obtained  ;  the  gas  is 
made  to  pass  in  succession  through  solutions  of  silver  and  strong  caustic 
potassa,  by  which  its  purification  is  completed.  After  this  it  is  con- 
ducted through  a  tube  three  or  four  inches  in  length,  filled  with  firag- 
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inent$  of  pumice-stoDe  steeped  in  coDoentrated  oil  of  vitriol,  or  with 
anhydrous  phosphoric  add.  These  substances  have  such  an  exti'aordi- 
nary  attraction  for  aqueous  vapour,  that  they  dry  the  gas  completely 
during  its  transit.  The  extremity  of  this  tube  is  siiown  at  a.  The 
dry  hydrogen  thus  arrives  at  the  part  of  the  apparatus  containing  the 
oxide  of  copper,  represented  at  6 :  this  consists  of  a  two-necked  flask  of 
very  hard  white  glass,  maintained  at  a  red  heat  by  a  spirit-lamp  placed 
beneath.  As  the  decomposition  proceeds,  the  water  produced  by  tlie 
reduction  of  the  oxide  begins  to  condense  in  the  second  neck  of  the  dask, 
whence  it  drops  into  the  receiver  c,  provided  for  the  purpose.  A  second 
desiccating  tube  prevents  the  loss  of  aqueous  vapour  by  the  current  of 
gas  which  passes  in  excess.    . 

Before  the  experiment  can  be  commenced,  the  oxide  of  copper,  the 
purity  of  which  is  well  asoertaintd,  must  be  heated  to  reUness  for 
some  time  in  a  current  of  dry  air ;  it  is  then  sufiered  to  oool,  and 
very  carefully  weighed  with  the  flask.  The  empty  receiver  and  second 
drying-tube  are  also  weighed,  the  disengagement  of  gas  bet  up,  and 
when  the  air  has  been  displaced,  heat  slowly  applied  to  the  oxide.  The 
action  is  at  fiivt  very  energetic ;  the  oxide  often  exhibits  the  appearance 
of  ignition;  as  the  decomposition  proceeds,  it  becomes  more  sluggish, 
and  requii'es  the  application  of  a  considerable  heat  to  effect  its  com- 
pletion. 

When  the  process  is  at  an  end,  and  the  apparatus  perfectly  cool,  the 
stream  of  gas  is  discontinued,  dry  air  is  cLrawn  through  the  whole 
arrangement,  and,  lastly,  the  parts  are  disconnected  and  reweighed. 
The  luss  of  the  oxide  of  copper  gives  the  oxygen ;  the  gain  of  the  re- 
ceiver and  its  drring-tube  indicates  the  water,  and  the  difference 
between  the  two  the  hydrogen. 

A  set  of  experiments,  made  in  Paris  in  the  year  1820,*  by  MM. 
Dulong  and  Bei'zelius,  gave  as  a  mean  result  for  the  composition  of 
water  by  weight,  8 '  009  parts  oxygen  to  1  part  hydrt^en ;  numbers  so 
nearly  in  the  proportion  of  8  to  1,  tliat  the  latter  have  usually  been 
assumed  to  be  true. 

More  lecently  ihe  subject  has  been  reinvestigated  by  M.  Dumas,t 
with  the  most  scrupulous  precision,  and  the  above  supposition  fully 
confirmed.  The  composition  of  water  may  therefore  be  considered  as 
established ;  it  contains  by  weight  8  parts  oxygen  to  1  part  hydrogen, 
and  by  measure,  1  volume  oxygen  to  2  volumes  hydrogen.  The  den- 
sities of  the  gases,  as  already  mentioned,  correqwnd  vei'y  closely  with 
these  results. 

The  physical  properties  of  water  are  too  well  known  to  need 
lengthened  description:  it  is,  when  pui*e,  colouiless  and  transpaient, 
destitute  of  taste  and  odour,  and  an  exceedingly  bad  conductor  of 
electricity  of  low  tension.     It  attains  its  greatest  density  towards 

*  Ann.  Chim.  et  Pbys ,  xv.  386.  f  Ibid ,  3rd  series,  viiL.  189. 
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40^  (4°-5C),  freezes  at  S2<*  (O'C),*  and  boiW  under  the  pressure  of 
the  Atmoepbere  at  or  near  212^  (10.0  C).  It  evaporates  at  ail  tem- 
peitaPEs.  One  cubic  inch  at  62=*  (16«»'7C),  weigha  252-45  grains, 
it  is  815  times  heavier  than  air;  an  imperial  gallon  weighs  70,000 
gnios  or  10  lbs.  avoirdupois.  To  all  ordinary  observation,  water  is 
aiooiDpmsible ;  very  accurate  experiments  have  nevertheless  i«hown 
that  it  does  yield  to  a  small  extent  when  the  power  employed  is  very 
gnat;  the  diminution  of  volume  for  each  atn[U)6phere  of  pressure  being 
ahoat  51-milIionths  of  the  whole. 

Clear  water,  although  colourless  in  small  bulk,  is  blue  like  the  at- 
Bosphere  when  viewed  in  mass.  This  is  seen  in  the  deep  ultramarine 
tint  of  the  ocean,  and  perhapK  in  a  still  more  beautiful  manner  in  the 
1^  of  Switzerland  and  other  Alpine  countries,  and  in  the  rivera 
vhidi  issue  from  them ;  the  slightest  admixture  of  mud  or  suspended 
lapnrity  destroying  the  efi'ect.  The  same  magnificent  colour  is  visible 
Bi  the  ii.<sures  and  caverns  found  in  the  ice  of  the  glaciers,  which  is 
voally  extremely  pure  and  transparent  within,  although  foul  upon  the 
snrfitee. 

Steam,  or  vapour  of  water,  in  its  state  of  greatest  density  at  212° 
(lOC^),  compared  with  air  at  the  seme  temperature,  and  possessing 
*o  equal  elastic  force,  has  a  specific  gravity  expressed  by  the  fraction 
0*625.  In  this  condition  it  may  be  represented  as  containing,  in 
erery  two  volumes,  two  volumes  of  hydrogen  and  one  volume  of 

Water  seldom  or  never  occurs  in  nature  in  a  state  of  perfect  purity : 
^eo  the  rain  which  falls  in  the  open  country  contains  a  trace  of 
wunoniacal  salt,  while  rirers  and  springs  are  invariably  contaminated 
^  a  greater  or  less  extent  with  soluble  matters,  saline  and  organic. 
Simple  filtration  through  a  porous  stone  or  a  bed  of  sand  will  separate 
'''■P^*!^!  impurities,  but  distillation  alone  will  free  the  liquid  from 
yuMe  that  are  dissolved.  In  the  preparation  of  distilled  water,  which 
B  an  article  of  lar^  consumption  in  the  scientific  laboratory,  it  is 
I*oper  to  reject  the  first  portions  which  pass  over,  and  to  avoid  carrying 
^  distillation  to  dryness.  The  process  may  be  conducted  in  a  metal 
*^U  fumi»hed  with  a  worm  or  condenser  of  silver  or  tin ;  lead  must 
not  be  used, 

I'he  ocean  is  the  great  recipient  of  the  saline  matter  cariied  down 
uy  the  rivei'S  which  drain  the  land ;  hence  the  vast  accumulation  of 
'ilts.  The  following  table  will  serve  to  convey  an  idea  of  the  ordinary 
*wnpo«tion  of  sea-water;  the  analysis  is  by  Dr.  Schweitzer,!  of 
^i^htou,  the  water  being  that  of  tlie  British  Channel : — 


*  A^oooiding  to  Dnfonr,  the  spedflc  gravity  of  ioe  is  0*9175 ;  water,  there- 
^  on  freezing,  expands  by  ^th  of  its  volume, 
t  FhlL  Hag.,  July,  1839. 
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1000  graiiui  contained 

Water      , 

• 

• 

.      964-745 

Chloride  of  sodium 

• 

a 

27 • 059 

Chloride  of  potasRium 

• 

t 

0-766 

Chloride  of  magaesiam 

» 

• 

3*666 

Bromide  of  magnesium 

• 

• 

0*029 

Sulphate  of  magnesia 

• 

• 

2-296 

Sulphate  of  lime  • 

• 

« 

1-406 

Carbonate  of  lime 

• 

• 

0-033 

Traces  of  iodine  and  amr 

Qonii 

ical 

salt. 

1000-000 

Its  specific  gravity  was  found  to  be  1-0274  at  60°  (15°- 5C). 

Sea-water  is  liable  to  variations  of  density  and  composition  by  the 
influence  of  local  causes,  such  as  the  proximity  of  large  rivers  or 
masses  of  melting  ice,  and  other  circumstances. 

Natural  springs  are  often  impregnated  to  a  great  extent  with  so- 
luble substances  derived  from  the  rocks  they  traverse :  such  are  the 
various  mineral  waters  scattered  over  the  whole  earth,  and  to  whicJi 
medicinal  virtues  are  attributed.  Some  of  these  hold  protoxide  of 
iron  in  solution,  and  are  eff^rvettcent  from  carbonic  acid  gas ;  others 
ai'e  alkaline,  probably  from  traversing  rocks  of  volcanic  origin ;  some 
contain  a  very  notable  quantity  of  iodine  or  bromine.  Their  tempera- 
tures also  are  as  variable  as  their  chemical  nature.  A  tabular  notice 
of  some  of  the  most  remarkable  of  these  waters  will  be  found  in  the 
Appendix. 

Water  enters  into  direct  combination  with  other  bodies,  forming  a 
class  of  compounds  called  hydrates ;  the  action  is  often  very  energetic, 
much  heat  lieing  evolved,  as  in  the  case  of  the  slaking  of  lime,  which 
is  really  the  production  of  a  hydrate  of  that  base.  Sometimes  the 
attraction  between  the  water  and  the  second  body  is  so  great  that  the 
compound  is  not  decomposable  by  any  heat  that  can  be  applied ;  the 
hydrates  of  potassa  and  <ioda,  and  of  phosphoric  acid,  furnish  examples. 
Oil  of  vitriol  is  a  hydrate  of  sulphuric  acid,  from  which  the  water 
cannot  be  thus  separated. 

Water  very  frequently  combines  with  saline  substances  in  a  less 
intimate  manner  than  that  above  described,  constituting  what  is  called 
water  of  crystallization,  from  its  connexion  with  the  geometrical  figure 
of  the  salt.  In  this  case  it  is  easily  driven  off  by  the  application  of 
heat. 

Lastly,  the  solvent  properties  of  water  far  exceed  those  of  any  other 
liquid  known.  Among  salts  a  very  large  proportion  are  soluble  to  a 
greater  or  less  extent,  the  solubility  usually  increasing  with  the  teih- 
perature,  so  that  a  hot  saturated  solution  deposits  crystals  on  cooling. 
There  are  a  few  exceptions  to  this  law,  one  of  the  most  remarkable 
of  which  is  common  salt,  the  solubility  of  which  is  nearly  the  same  at 
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■II  tnnperatnra  :  the  tijiJnite  and  m-taJn  ocgnnic  alu  of  lime,  >1>a, 
donlre  man  fneU  In  cold  thnn  in  hot  WHler. 

The  diagTUD  (tig.  97)  eihibiu  the  uneqanl  nlubilit]'  o(  different 
Mlb  in  water  of  dilferent  tempenturei.  Tha  linei  of  tolubiliti/  cut  the 
ferticala  niud,  from  point*  indiaitng  the  tempeniturM,  upon  the 
lower  horiiontal  line,  at  heights  proportional  to  the  qiiantitiea  Of  uU, 
dijMlvrf  bi  100  parts  of  w»t(T.  One  hundred  parte  of  water  dinolve, 
fcr  inHance,  «t  ?!■/'  (1I°C,  8,  at  122°  (50°0)  17,  et  212°  (100°C)  26 
puts  of  sulphate  of  potaasa.  Thera  are  ealu  which  poneu,  like  chlo- 
fide  of  Kfdium,  aa  haa  already  been  mentioned,  at  ditfi^ttnt  temperaturei 
tery  nearlj  the  nine  anlubiiity  in  WBter;  in  otiien,  like  sulphate  of 
potaH,  or  chloride  of  potaasiuvn,  the  solubilitr  increeaes  directly  with 
the  increment  of  temperHture  ;  in  othen  again,  like  iiitnt^  of  potMue, 
or  chlorate  of  patatn,  the  eolubility  augments  much  more  rapidly  than 
the  tflnpf  ratnre.  The  dii^rnm  eihibits  the  dilierencee  in  the  deport- 
ment of  tbeie  different  FalU  very  nuifpicBouily  by  a  itniight  horizontal 
line,  by  a  itraight  inclined  lint,  and  lastly  by  curvea,  the  conveiity  of 
«hich  ii  turned  towards  the  lover  boriiontel  line. 

FSj.  97.     SoIMIity  of  SaUt  fa  100  parts  tf  Wafir, 


In  llie  diagram  the  solnbilitv  of  a  salt  ia  represented  by  the  quantity 
nf  anbyclrouii  nit,  disnolved  1^  100  parts  of  water.  This  U.  lu  fact, 
llu  aHnnwD  mode  of  >lati[^  the  lolubilit;  of  salli;  it  desenea,  Iioit> 
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erer,  to  be  noticed  that  many  salts,  within  onrtain  limits  of  tempera^ 
ture,  A  re  capable  of  forming  hydrates,  i.  e,y  of  combining  with  water 
Sn  certain  definite  proportions,  sach  water  being  calleil  water  of  hydra- 
tion or  water  of  crystallization..    It  is  obvious  that  salts  of  this  descrip* 
tion  cannot,  within  the  stated  limit  of  temperature,  disaolre  in  water  in 
the  anhydrous  state,  but  must  be  dissolved  as  hydrates.     The  solubility 
of  a  hydraied  salt  frequ^tly  differs  veiy  considerably  from  that  of  thie 
same  salt  in  the  anhydrous  condition.     Again,  many  salts  form  more 
than  one  hydrate  ;  and  these  several  hydrates  may  also  differ  in  their 
solubility.   Sulphate  of  soda  forms  a  peculiar  hydrate,  consisting  in  100 
parts,  of  53  parts  of  anhydrous  salt,  and  47  parts  of  water,  which  is 
obtained  in  ciystals,  when  a  solution  of  sulphate  of  soda,  saturated  at 
212^  (100°C),  is  considerably  cooled  out  of  contact  with  the  air :  this 
hydrate  is  much  more  soluble  than  Glauber^s  salt,  the  other  hydrate  of 
sulphate  of  soda,  differing  from  the  former  one  in  its  crystalline  form, 
and  consisting,  in  100  parts,  of  44*2  parts  of  anhydrous  salt  and  hb'H 
parts  of  water.    When  a  solution  of  sulphate  of  soda  is  saturated  at  the 
boiling  point  of  water,  and  cooled  to  the  common  temperature  without 
depositing  any  crystals,  the  salt  exists  in  the  foim  of  the  more  soluble 
hydrate.      This  salt,  when  oomiug  in  contact  with  the  dust  of  the  air, 
or  with  a  small  crystal  of  common  Glauber's  salt,  is  suddenly  btins- 
formed  into  the  less  soluble  hydrate,  part  of  which  separates  from  the 
solution,  in  the  form  of  Glauber's  salt.      From  32°  to  91°  (0°  to  33°C) 
sulphate  of  soda  dissolves  as  Glauber's  salt,  the  solubility  of  which  in- 
creases with  the  temperature ;  hence  the  rapid  rise  of  the  cun-e  repre- 
senting the  solubility  of  the  salt  in  the  diagram.     Above  91°  (33°C) 
the  hydrate  of  sulphate  of  soda  is,  even  in  solution,  decomposed,  being 
more  and  more  thoroughly  converted  into  the  anhydrous  salt  as  the 
temperature  more  and  more  increases.     Sulphate  of  soda  appean,  how- 
ever, far  leas  soluble  in  the  anhydrous  state,  and  hence  the  diminution 
of  solubihty  of  the  salt  when  its  solution  is  heated  above  91^  (33°C), 
which  is  exhibited  by  the  diagram. 

When  a  solution  having  a  sp.  gr.  greater  than  water  is  introduced 
into  a  cylindrical  glass  vessel,  and  then  water  very  cautiously  poured 
upon  it,  in  such  a  manner  that  the  two  layers  of  liquid  remain 
unmoved,  the  substance  dissolved  in  the  lower  liquid  will  gradually 
pass  into  the  supernatant  water,  though  the  vessel  may  have  been 
left  undisturbed,  and  the  temperature  remain  unchanged.  This  gi-a- 
dual  passage  of  a  dissolved  substance  from  its  original  solution  into 
pure  water,  taking  place,  notwithstanding  the  higher  specific  gravity 
of  the  substance  which  opposes  this  passage,  is  called  the  diffusion 
of  liquids.  The  phenomena  of  this  diflusion  have  been  lately  investi- 
gated by  Mr.  Graham,  who  has  arrived  at  very  important  results. 
Diffeient  substances,  when  in  solution  of  the  same  concentration,  and 
under  other  similar  circumstances,  diffuse  with  very  unequal  velocity. 
Hydrochloric  acid,  for  instance,  diffuses  with  greater  rapidity  than  chlo- 
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jidt  of  potaiwiftm,  chloride  of  potHSsium  more .  rapidly  than  ciiloride 
of  sodium,  and  the  latter,  again,  more  quickly  than  sulphate  of  magnesia  ; 
gdatine,  albumen,  and  caramel  diifuse  very  slowly.     Diffusion  is  gene- 
rally found  to  take  place  more  rapidly  at  high  than  at  low  tempera- 
tures.    Diffusion  is  more  particularly  rapid  with  crystallized  substances, 
thoogh  not  exdoaively,  for  hydrochloric  acid  and  aloohol  are  among  the 
higlily  difiusiTe  bodies.      Diri'usion  is  slow  with  non-crystalline  bodies, 
whkfa,  like  gelatine,  are  capable  of  fonning  a  jelly,  though  even  here  ex- 
ceptkms  are  met  with.     Mr.  Graham  calls  the  substances  of  great 
diffusibility  cri/staUouiSt  the  substances  of  low  diffusibility  colloids. 
The  unequal  power  of  diffusion  with  which  different  substances  are 
eidowed  frequently  furnishes  the  means  of  separating,  them.     When 
water  is  poured  with  caution,  so  as  to  prevent  mixing,  upon  a  solution 
containing  equal  quantities  of  chloride  of  potassium  and  chloride  of 
■<"^''^™^  the  more  diffusible  chloride  of  potastdum  travels  more  rapidly 
opwards  than  the  less  diffusible  chloride  of  sodium,  and  very  consider* 
able  portions  of  chloride  of  potassium  will  have  reached  the  upper 
layers  of  the  water  before  the  chloride  of  sodium  has  arrived  there  in 
appreciable  quantity.     6till  better  succeeds  the  separation  of  rapidly 
diffcLsiUe  crystalloids  and  slowly  diffusible  colloids. 

A  more  perfect  separation  of  crystalloids  and  colloids  may  be  accom- 
plished in  tiie  following  manner: — Mr.  Graham  has  made  the  important 
observation,  that  certain  roembi-anes,  and  also  parchment  paper,  when 
in  contact,  on  the  one  surface,  with  a  solution  containing  a  mixture  of 
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Fig.  101. 


crystalloidal  and  colloidal  substances,  and,  on  the  other  surface,  with 
puxe  water,  will  permit  the  passage  to  the  water  of  the  ci7stalloidit, 
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but  not  of  the  colloids.  To  cany  oat  this  important  mode  of  separation, 
which  is  designated  by  the  term  diaiysis^  the  lower  mouth  of  a  glass 
vessel,  open  on  both  sides  (fig.  98),  is  tied  over  with  parchment  paper 
placed  upon  an  appropriate  support  (fig.  99),  and  transfeiTed  together  with 
the  latter  into  a  ki^r  vessel  filled  with  water  (fig.  100) ;  or  the  vessel 
may  be  suspended,  as  shown  on  fig.  101.  The  liquid  containing  the  different 
substances  in  solution  is  then  poured  into  the  inner  vessel,  so  as  to  form 
a  layer  of  about  half  an  inch  in  height  upon  the  parchment  paper.  The 
crystalloidal  substances  gradually  pass  through  the  parchment  paper  into 
the  outei*  water  which  may  be  renewed  from  time  to  time ;  the  ooN 
loidal  substances  are  nearly  entii-ely  retained  by  the  liquid  in  the  inner 
vessel.  In  tliis  manner  Mr.  Graham  has  prepared  several  colloids,  free 
from  cr3r)>talloids ;  he  has  shown,  moreover,  that  poisonous  crystalloids, 
such  as  arsenious  acid  or  strychnine,  even  when  mixed  with  very  large 
proportions  of  colloidal  substances,  pass  over  into  the  water  of  the 
dialyser  in  such  a  state  of  purity  that  their  presence  may  be  established 
by  reagents  with  the  utmcK«t  facility. 

When  two  different  liquids  are  separated  by  a  porous  diaphragm,  as,  for 
instance,  by  a  membrane,  and  the  liquids  mix  through  this  diaj^ragm,  it 
is  found  that  in  must  cases  the  quantities  travelling  in  opposite  direc- 
tions are  unequal.  Suppose  three  cylinders,  the  lower  mouths  of 
which  are  tied  over  with  bladders,  filled  respectively  with  concentrated 
solutions  of  sulphate  of  copper,  chloride  of  sodium,  and  alcohol,  and 
let  them  be  immersed  in  vessels  containing  water  to  such  a  depth  that 
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^.103. 


^.104. 


the  liquids  inside  and  outside  are  level  (fig.  102).  Afler  some  time 
the  liquid  within  the  tube  is  found  to  have  risen  appreciably  above  the 
level  of  the  water  (fig.  103).  On  the  other  hand,  if  the  cylinder 
filled  with  pure  water  be  immersed  in  a  solution  of  sulphate  of  copper, 
or  of  chloride  of  sodium,  or  in  alcohol,  the  liquid  in  the  cylinder  is 
seen  to  diminish  after  some  time  (fig.  104).  A  larger  quantity  of  water 
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through  the  bladder  into  the  solation  of  salphate  of  copper,  of 
chloride  of  mdinm,  or  into  alcohol  than  the  amount  of  either  of  these 
three  liquids  which  passes  through  the  bladder  into  the  water.  The 
TDixiBg  of  dissimilar  substances  through  a  porous  diaphragm  is  called 
cmioaia.  The  passage  in  larger  proportion  of  one  liquid  into  another 
is  designated  by  the  term  exosmoaia. 

These  phenomena  are  due  to  the  attraction  which  the  two  liquids 
hare  for  each  other,  and  to  the  difference  of  the  attraction  exercised  by 
the  diaphragm  upon  these  liquids.  Bladder  talces  up  a  much  larger 
quantity  of  water  than  of  a  solution  of  salt  or  of  alcohol.  Very  rarely 
«ily  one  of  the  liquids  traverses  the  diaphragm ;  generally  two  cur- 
rmts  of  unequal  strength  more  in  oppo&ite  directions.  When  water 
is  separated  by  an  animal  membrane  from  a  solution  of  salt  or  from 
alcohol,  not  only  a  transition  of  water  to  these  liquids  is  obserred, 
bat  also  a  small  quantity  of  hydrochloric  acid  and  of  alcohol  pass  over 
into  the  water.  In  some  cases,  however,  when  colloidal  substances  in 
ooocentrated  solntions  are  on  one  side  of  the  dinphragm  and  water  on 
the  other,  the  latter  only  traverses  the  diaphragm,  not  a  trace  of  the 
ibrmer  passing  through  to  the  water. 

Water  dissolves  also  g»ses.  Solution  of  gases  in  water  (or  in  other 
liquids)  is  called  absorption^  unless  this  solution  gives  rise  to  the  for- 
mation of  chemical  compounds  in  definite  proportions.  Th^  phe- 
nomena of  absorption  have  been  more  particularly  studied  by  Bunsen, 
and  it  is  to  this  philosopher  that  we  are  indebted  for  the  most  accurate 
examination  of  this  subject. 

Water  dissolves  very  unequal  quantities  of  the  different  gases  and 
very  unequal  quantities  of  the  same  gas  at  different  temperatures. 
1  vol.  of  water  absorbs  at  the  temperatures  stated  in  the  table,  and 
under  the  pressure  of  30  inches  of  mercury,  the  following  volumes 
of  different  gases,  measured  at  32°  (0°C)  and  30  inches  pressure:^ 


Oxygen. 

Nitrogen. 

Hydrogen. 

Nitrous 
Oxide. 

Garbonlo 
Acid. 

32°  F.    (0°0) 

..  0-041 

0-020 

0-019 

1-31 

1-80 

50°  F.  ()0°C) 

..   0-033 

0-016 

0-019 

0-92 

1-18 

68°  F,  (20°C) 

..   0-028 

0-014 

0*019 

0*67 

0-90 

9 

HhlorinA. 

Sniphuretted  Sulphurous 

Hydrodilo* 

Ammo* 

^yujwi  iinri 

Ujdrogen. 

Add. 

ricAdd. 

nia. 

32°  F.    (0°C) 

•  •                 ' 

4-37 

53-9 

605 

1180 

50°  F.  (10°C) 

..   2-59 

3-59 

36-4 

472 

898 

68°  F.  (20°C) 
86°  K.  (30°C) 

..  2-16 

2-91 

27*3 

441 

680 

..    1-75 

2-33 

20-4 

412 

536 

104°  F.  (40°C) 

..   1-37 

1-86 

15-6 

387 

444 

When  the  pressure*  increases  more  of  the  gases  is  absorbed.    Gases 
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moderately  soluble  in  water  follow  in  their  solubility  the  law  of 
Henry  and  Dalton,  aooording  to  which  the  quantity  of  gas  disraived  is 
propoitiooal  to  the  pressure.  At  50°  (10%')  1  vol.  of  water  abaorfas 
under  a  pressure  of  1  atmospheie  1*18  vol.  of  carbonic  acid,  measured 
at  32°  (0°C),  and  under  a  pressure  of  30  inches  mercury.  The  qaan- 
tity  of  carbonic  acid  dissolved  under  a  pressure  of  2  atmospheies  and 
measured  under  conditions  precisely  similar  to  tboee  of  the  pi-evious 
experiment  equals  2*36  vol.  -Again,  1  vol.  of  water  dissolves  under  a 
pressure  of  ^  atmosphere,  0*59  vol.  of  carbonic  add  also  measured  at 
32°  (0°C)  and  under  30  inches  of  mercury.  Gas^  which  are  exceed- 
ingly soluble  in  water,  do  not  obey  this  law  except  at  higher  tempera- 
tuies  when  the  solubility  has  been  already  considerably  dimlm'shed. 

It  deserves,  however,  to  be  noticed,  that  the  pressure,  which  deter- 
mines the  rate  of  absiorption  of  a  gas»  is  by  no  means  the  general  pressure 
to  which  the  absorbing  liquid  is  exposed,  but  that  pressure,  which  the 
gas  under  consideration  would  exert,  if  it  were  alone  present  in  the  space 
with  which  the  absorbing  liquid  is  in  contact.  Thus  supposing  water  to 
be  in  contact  with  a  mixture  of  1  vol.  of  carbonic  acid  and  3  vol.  of 
nitrogen,  under  a  pressure  of  4  atmospheres,  the  amount  of  carbonic 
acid  dissolved  by  the  water  will  be  by  no  means  equal  to  that  which 
the  water  would  have  absorbed  if  it  had  been  at  the  same  pressure  of 
4  atmospheres  in  contact  with  pure  carbonic  acid.  In  a  mixture  of 
carbonic  acid  and  niti'ogen  in  the  stated  proportions,  the  carbonic  add 
exercises  only  ^,  the  nitrt^en  onjy  |  of  the  total  pressure  of  the  gaseous 
mixture  (4  atmospheres) ;  the  pai-tial  pressure  due  to  the  carbonic  add 
is  in  this  case  1  atmosphere,  tJint  due  to  the  nitrogen  3  atmospheres, 
and  water,  though  exposed  to  a  pressure  of  4  atmospheres,  cannot,  under 
these  circumstances,  absorb  more  carbonic  add  than  it  would  if  it 
were  in  contact  with  pure  caibonic  acid  under  a  pressure  of  1  atmo- 
sphere. 

It  is  necessary  to  bear  this  in  mind  in  order  to  understand  why  the 
air  which  is  absorbed  by  water  out  of  the  atmosphere  differs  in  compo- 
sition from  atmospheric  air.  The  latter  consists  very  nearly  of  21  vol. 
of  oxygen  and  79  vol.  of  nitrogen.  In  atmospheiic  air  which  acts  under 
a  pressure  of  one  atmofqphere,  the  oxygen  exerts  a.  partial  pressure 
of  <^,  'the  nitrogen  a  partial  pressure  of  •J^  atmosphere.  At  50° 
(iO^'O)  1  vol.  of  water  (see  the  above  table)  absorbs  0-033  vol.  of 
oxygen,  and  0*016  vol.  of  nitrogen,  supposing  these  gases  to  act  in 
the  pure  state  under  a  pressure  of  1  atmosphere.  But  under  the 
partial  pressures  just  indicated,  water  of  50°  (10°42)  cannot  absorb 
more  than  ,%  X  0*033  =:  0*007  of  oxygen,  and  ^  X  0*016  =  0*013 
vol  of  nitiogeu.  In  0*007  +  0  013  =  0*020  vol  of  the  gaseous  mix- 
ture absorb^  by  water  there  are  consequently  0*007  vol.  of  oxygen, 
and  0*013  vol.  of  nitrogen,  or  in  20  vol.  of  this. mixture  7  vol.  of 
oxygen  and  13  vol.  of  nitrogen,  or  in  100  vol.  of  the  gaseous  mixture 
35  vol.  of  oxygen  and  69  vol.  of  nitrogen.    TheT  air  contained  at  the 
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tempentare  in  watrar  is  thus  wen  to  1)e  rtsj  mnch  richer  in 
43zygai  than  ordinary  atmospheric  air. 

Water  containing  a  gaa  in  solution,  when  exposed  in  a  vacuum  or  in 
a  s|iaoe  filled  with  another  gas,  allows  the  gas  absorbed  to  escape  until 
the  quantity  retained  corresponds  with  the  share  of  the  pressui;^  belong- 
ing to  the  gas  erolved.  If  the  latter  be  constantly  removed  by  a 
powerful  absorbent  or  by  a  good  air-pump,  it  is  in  most  cases  easy  to 
sepaiate  every  trace  of  gas  from  the  water.  The  same  result  is  ob- 
tuned  when  water  containing  a  gas  in  solution  is  exposed  in  a  space 
of  comparatively  inBnite  sixe  filled  with  another  gas.  Water  in  which 
nitrous  oxide  is  dissolved,  loses  the  latter  entirely  by  mere  ex))osiu« 
to  the  atmosphere,  and  the  gas  evolved  cannot,  at  any  moment,  exert 
more  than  an  infinitely  small  share  of  the  pressure.  If  water  be  freed 
from  gaees  by  ebullition  the  separation  depends  partly  upon  tlie  dimi- 
nution of  the  solubility  by  the  increase  of  temperature,  partly  also 
upon  the  formatiou  above  the  surface  of  the  liquid  of  a  constnntly  re- 
newed atmoi^ere  into  which  the  gas  still  retained  by  the  liquid  may 


bome  gases,  which  are  absorbed  in  lar^  quantities,  and  very  quickly 
by  water — hydrochloric  acid,  for  instance-^cannot  be  perfectly  ex- 
|Kilei  either  by  the  protracted  action  of  anoiher  gas  (exi^osure  to  the 
atmosphe.e)  or  by  ebullition:  in  such  cases  the  liquid  still  charged 
with  fgjBS,  evaporates,  as  a  whole,  when  it  has  assumed  a  certain  com- 
position. This  composition  vanes,  however,  if  the  liquid  be  submitted 
to  a  carrent  of  air,  with  the  temperatura ;  and  if  it  be  boiled,  with 
the  pressure  under  which  ebullition  takes  place. 

Liquids  also  lose  the  gas  they  contain  in  solution  by  freezing.  Hence 
the  air-bubbles  in  ice  which  consist  of  the  air  which  had  been  absorbed 
from  the  atmosphere  by  the  water.  Gas  is  retained  by  liquids  at 
the  freezing  temperature  only  when  it  forms  a  chemical  combination 
in  definite  proportion  with  the  liquid.  Water  containing  chlorine 
or  sulphurous  acid  in  solution  freezes  without  evolution  of  gas  with 
formation  of  solid  hydrates  of  chlorine  or  sulphurous  acid. 

Pure  water  generally  dissolves  gases  more  copiously  than  water 
containing  solid  bodies  in  solution  (salt  water  for  instance).  If  in  some 
few  cases  exceptions  are  observed  to  take  place,  they  uppear  to  depend 
upon  the  formation  of  feeble  but  true  chemical  compounds  in  definite 
pi'oportion ;  the  &ct  that  carbonic  add  is  more  oopiously  absorbed  by 
water  containing  phosphate  of  soda  in  solution  than  by  pure  water,  may 
perhaps  be  expUdued  in  this  manner. 

When  water  is  heated  in  a  strong  vessel  to  a  temperature  above 
that  of  the  ordinary  boiling-point,  its  solvent  powei-s  are  still  further 
increased.  Dr.  Turner  inclosed  in  the  upper  part  of  a  high-pressure 
steam-boiler,  worked  at  300^  (149^0),  pieces  of  plate  and  crown 
glaf«.  At  the  expiration  of  four  months  the  glass  was  found  completely 
corroded  by  the  action  of  the  water ;  what  remained  was  a  white  mass 
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of  silica,  destitate  of  alkali,  while  stalactites  of  silioeons  matter,  above 
an  inch  in  length,  depended  from  the  little  wire  cage  which  enclosed  th« 
glass.  This  experiment  tends  to  illustrate  the  changes  which  may  be 
produced  bj  the  action  of  water  at  a  high  temperature  in  the  interior 
of  the  earth  upon  felspathic  and  other  rocks.  The  phenomenon  is 
manifest  in  ihe  Geyser  springs  of  Iceland,  which  deposit  siliceous 
sinter.* 

Binoxide  of  hydrogetiy^  sometimes  called  oxygenated  water,  is  an  ex- 
ceedingly interesting  substance,  but  unfortunately  very  difficult  of  pre^ 
paration.  It  is  formed  by  dissolving  the  binoxide  of  barium  in  dilute 
hydrochlonc  acid,  carefully  cooled  by  ice,  and  then  precipitating  the 
baryta  by  sulphuric  acid :  the  excess  of  oxygen  of  the  binoxide,  instead 
of  being  disengaged  as  gas,  unites  with  a  portion  of  the  water,  and  con- 
verts it  into  binoxide  of  hydrogen.  This  treatment  is  repeated  with  the 
same  solution  and  fresh  poiiions  of  the  binoxide  of  bai-ium  until  a  con- 
siderable quantity  of  the  latter  has  been  consumed,  and  a  corresponding 
amount  of  binoxide  of  hydrogen  formed.  The  liquid  yet  contains  hy- 
drochloric acid,  to  get  rid  of  which  it  is  treated  in  succession  with 
sulphate  of  silver  and  baryta-water.  The  whole  process  requires  the 
utm<»t  care  and  attention.  The  binoxide  of  barium  itself  is  pi-epaned 
by  exposing  pure  baryta,  contained  in  a  red-hot  porcelain  tube,  to  a 
stream  of  oxygen.  The  solution  of  binoxide  of  hydrogen  may  be  con- 
centrated under  the  air-pump  i-eoeiver  until  it  acquires  the  specific 
gravity  of  1*45.  In  this  state  it  presents  the  as|)ect  of  a  colourless, 
transparent,  inodorous  liquid,  possessing  remarkable  bleaching  jiowers. 
It  is  very  prone  to  decomposition ;  the  least  elevation  of  temperature 
causes  effervescence,  due  to  the  escape  of  oxygen  gas ;  near  212^  (100^) 
it  is  decomposed  with  explosive  violence.  Binoxide  of  hydrogen  con- 
tains exactly  twice  as  much  oxygen  as  water,  or  16  parts  to  1  part  of 
hydrogen. 

A  teroxide  of  hydrogen  is  oaid  to  exist,  although  it  has  never  been 
obtained  in  the  pure  state.  Its  propeities  are  similai*  to  those  of  the 
binoxide ;  it  is  likewise  a  powerful  oxidizing  agent.  According  to  the 
researches  of  Dr.  Baumert,  minule  quantities  of  this  substance  are 
formed  in  the  decomposition  of  water  by  electiicity,  and  impart  the 
odour  by  which  the  products  of  this  process  are  characterized.  It  has 
been  mentioned  that  this  peculiar  odour,  which  is  evolved  in  several 
processes,  such  as  the  oxidation  of  phosphoms,  the  passage  of  the  elec- 
tric spark  through  gases  containing  oxygen,  is  ascribed  to  the  same  sub- 
stance, namely,  ozone.  Dr.  Baumert's  experiments  appear  to  sliow 
that  there  are  at  least  two  substances  which  have  hitherto  been  oon- 

*  Fbfl.  Hag.,  Oct.  1834. 

t  In  symbols  the  composition  of  water  and  binoxide  of  hydrogen  is  thus 
expreiwea  — 

Water HO 

Binoxide  of  hydrogen        .       .  HOj 
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fgasded  under  the  term  ozone ;  for  the  odour  produced  by  the  passage 
of  the  electric  spark  through  atnioepheric  air  cannot  possibly  be  dae  to 
the  fiofrmatioD  of  teroxide  of  hydrogen.  It  is  not  known  whether  the 
odoroas  sufaatanoe,  which  is  goiei-ated  during  the  oxidation  of  phoepho* 
roi,  is  teroside  of  hydiiogen,  or  identical  with  the  ozone  of  the  electric 
spark.  Dr.  Andrews  deniee  the  accuracy  of  Dr.  Baumeit's  ekperimenta, 
ud  state*  that  the  teroxide  of  hydrc^en  is  nothing  bat  active  oxygen. 
Tkis  whole  subject  requires  careful  reinvestigation. 


ZnTROOEN. 

Nitrogen*  constitutes  about  }  of  the  atmosphere,  and  enters  into  a 
great  Tariety  of  combinations.  It  may  be  prepared  for  the  purpose  of 
experiment  by  several  methods.  One  of  the  simplest  of  these  is  to 
Innn  oat  the  oxygen  from  a  confined  portion  of  air  by  phosphorus,  or 
by  a  jet  of  hydrogen. 

A  small  porodain  capsule  is  floated  on  the  water  of  the  pneumatic 
troogfa,  and  a  piece  of  phosphorus  is  placed  in  it  and  set  on  Hre.  A 
bell-jar  is  then  invei  ted  over  the  whole,  and  suffered  to  rest  on  the 
shelf  of  the  trough,  so  as  to 


Fig,  lOfi. 


project  a  little  over  its  edge. 
At  first  the  heat  causes  expan- 
noB  of  the  air  of  the  jar,  and  a 
few  bubbles  are  expelled,  afler 
which  the  level  of  the  water 
rises  Gonaiderabiy.  When  the 
phosphorus  b«x>me8  extin- 
guished by  exhaustion  of  the 
oxygen,  and  time  has  been 
given  for  the  subsidence  of  the 
cloud  of  finely-divided  snow- 
like  phosphoric  acid,  which 
floats  in  the  residual  gas,  the 
nitrogen  may  be  transferred  into 
another  vessel,  and  its  proper- 
ties examined. 

Prepared  by  the  foregoing  process,  nitrogen  is  contaminated  by  a 
little  vapour  of  phosphorus,  which  communicates  its  peculiar  odour. 
A  pretereble  method  is  to  fill  a  porcelain  tube  with  turnings  of  copper, 
or,  still  better,  with  the  spongy  metal  obtained  by  reducing  the  oxide 
by  hydrogen ;  to  heat  this  tube  to  redness,  and  then  pass  through  it  a 
slow  stream  of  atmospheric  air,  the  oxygen  of  which  is  entirely  re- 
moved during  its  progress  by  the  heated  copper. 

If  chlorine  gas  be  passei  into  solution  of  ammonia,  the  latter  sub- 
stance, which  is  a  compound  of  nitrogen  with  hydrogen,  is  decom- 

*  /.  e..  Generator  of  nitre ;  also  called  aaote,  fnm.  a,  privative,  and  ^,  life. 
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potied ;  the  chlorine  combines  \tnth  the  hydrogen,  and  the  nitrogen  ia 
set  fne  with  efiervesoence.  In  this  manner  very  pure  nitrogen  can  be 
obtained.  In  making  this  experiment,  it  is  necessary  to  stop  short  of 
saturating  or  decomposing  the  whole  of  the  ammonia,  otherwise  there 
will  be  great  risk  of  accident  from  the  formation  of  an  exceedingly 
dangerous  'explosive  compound  formed  l^  the  contact  of  chlorine  with 
an  ammoniMcal  salt. 

Nitrogen  is  destitute  of  colour,  taste,  and  odour ;  it  is  a  little  lighter 
than  air,  its  density  being,  according  to  Dumas,  0'972.  100  cubic 
inches,  at  60°  (lo^oC)^  and  30  inches  barometer,  will  therefore  weigh 
30*14  grains.  JS'itrogen  is  incapable  of  sustaining  combustion  or 
animal  existence,  although,  like  hydrogen,  it  has  no  positive  poisonous 
properties ;  neither  is  it  soluble  to  any  notable  extent  in  water  or  in 
caustic  alkali ;  it  is,  in  fact,  best  characterixed  by  native  properties;. 

The  exact  composition  of  the  atmosphere  has  repeatedly  been  made 
the  subject  of  experimental  research.  Besides  nitixigen  and  oxygen, 
the  air  contains  a  little  carbonic  add,  a  very  variable  proportion  of 
aqueous  vapour,  a  trace  of  ammonia,  and,  perfuxpSj  a  little  carbonetted 
hydrogen.  The  oxygen  and  nitrogen  are  in  a  state  of  mixture,  not  of 
combination,  yet  their  ratio  is  always  uniform.  Air  has  been  brought 
fram  lofty  Alpine  heights,  and  compared  with  that  fit>m  the  plains  of 
%ypt;  it  has  been  brought  from  an  elevation  of  21,000  feet  by  the 
aid  of  a  balloon ;  it  has  been  collected  and  examined  in  London  and 
Paris,  and  many  other  places;  still  the  proportion  of  oxygen  and 
nitiogen  remain  unaltered,  the  diffusive  energy  of  the  gases  being 
adequate  to  maintain  this  perfect  uniformity  of  mixture.  The  car^ 
bonic  acid,  on  the  contrary,  being  much  intluoiced  by  local  causes, 
varies  considerably.  In  the  following  table  the  properties  of  oxygen 
and  nitrogen  are  given  on  the  authority  of  M.  Dumas,  and  the  car> 
bonic  acid  on  that  of  De  Sauasure:  the  ammonia,  the  discovery  of 
which  in  atmospheric  air  is  due  to  Liebig,  is  too  snudi  in  quantity  for 
diiect  estimation. 

Compositicn  of  the  Atmosphere. 

By  weight.  By  measure. 

Nitrogen    .         .         .         77  parts        .        .        79 -19 
Oiygen      .         .         .         23      „  .         .         20*81 

100  100-00 

Carbonic  acid,  from  3*7  measures  to  6*2  measures,  in  10,000  mea- 
sures of  air. 

Aqueous  vapour  variable,  depending  much  upon  the  temperature. 

Ammonia,  a  trace. 

Dr.  FrankUnd  has  analyzed  samples  of  air  taken  by  himself  in  the 
valley  of  Chamouny,  on  the  summit  of  Mont  Blanc,  and  at  the  Grand 
MuleU.     The  results  of  his  analyses  are  as  follow : — 
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Carbonic  add. 
0  063 
O-lll 
0-061 


Oxygen. 

20-894 
20-802 
20-963 


Fig,  106. 


Cb\mouny  (3000  feet)     . 
Grand  Mulets  (1 1,000  feet) 
Mont  Blaac  (15,732  feet) 

100  cabk  inches  of  pure  and  diy  air  weisjh,  according  to  Dr.  Proiit, 
31-0117  graips;  the  temperature  being  60°F.  (15°5C)  and  the 
barometer  standing  at  30  inches. 

The  annlytds  of  air  is  very  well  effected  by  passing  it  over  finely- 
drrided  copper  contained  in  a  tube  of  hard  glass,  carefully  weighed 
and  then  heated  to  redness :  the  nitrogen  is  suf- 
lerad  to  flow  into  an  exhausted  glass  globe,  also 
prrriously  weighed.  The  increase  of  weight  after 
the  experiment  gives  the  information  sought. 

An  easier,  bat  less  accurate  method,  consists 
in  mtroducing  into  a  graduated  tube,  standing 
orer  water,  a  known  quantity  of  the  air  to  be 
eYjunine«i,  and  then  passing  into  the  latter  a 
stick  of*  phosphorus  atBxed  to  the  end  of  a  wire. 
The  whole  is  left  abont  twenty-four  hours, 
during  which  the  oxygen  is  slowly  but  com- 
pletely absorbed,  afler  which  the  phosphorus  is 
withdrawn,  and  the  residual  gas  rend  off. 

Professor  Liebig  has  proposed  to  use  an  alka- 
Hoe  solution  of  pyrogallic  acid  (a  substance 
whicb  will  be  described  in  the  department  of 
organic  chemistry)  for  the  absorption  of  oxygen. 
The  absorptive  power  of  such  a  solution,  which 
tarns  deep  bbick  on  coming  in  contact  with  the 
oxygen,  is  very  oonsiderabie.  Liebig's  method 
combines  great  accuracy  with  unusual  rapidity  and  fiicility  of  exe- 
cution. 

Another  plan  is  to  mix  the  air  with  hydrogen  and  pass  an  electric 
spark:  after  explosion  the  volume  of  gas  is  read  off  and  compared 
with  that  of  the  air  employed.  Since  the  analysis  of  gaseous  bodies 
by  explosion  is  an  operation  of  great  importance  in  practical  che- 
mistry, it  may  be  worth  while  describing  the  process  in  detail,  as  it 
B  applicable,  with  certain  obvious  variations,  to  a  number  of  analogous 
cases. 

A  convenieDt  form  of  apparatus  for  the  purpose  is  the  syphon 
eudiometer  of  Dr.  Ure:  this  consists  of  a  stout  glass  tube,  hiiving 
an  internal  diameter  of  about  one -third  of  an  inch,  closed  at  one 
Old,  and  bent  into  the  form  represented  in  the  drawing.  (Fig.  99.) 
Two  pieces  of  platinum  wire,  melted  into  the  glass  near  the  closed 
extremity,  serve  to  give  passage  to  the  spark.  The  closed  limb 
is  carefully  graduated.  When  required  for  a«e,  the  instrument  is 
filled  with  mercury,  and  inverted  into  a  vessel  of  the  same  fluid. 
A  quantity  (tf  the  air  to  be  examined  is  then  introduced,  the  roanipu- 

h 
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latum  being  pndaelf  the  nmg  ai  with  eiperimenla  orer  wsler;  the 

rfnd  it  Bloppol  with  the  thnmb,  and  the  ur  traaifeiTcd  to 
doKi  eitremjtj.  Th«  iurtruDKnt  is  out  held  nprigiit,  sod 
tlUr  the  level  of  the  inerciuy  haa  been  made  equal  on  both  sdee  by 
diapladng  a  poitjon  tram  the  open  limb  bjr  thnutiii|;  down  a  piece 
of  etidi,  the  Tolome  of  air  ia  read  off.  Thia  draie,  the  open  port  of 
the  tube  IB  ngain  filled  up  with  mercurj,  doeed  with  the  tinger, 
tDTerted  into  the  liquid  metal,  and  ■  quantity  of  pare  hydrogai  intro- 
duced, equal,  ai  neailf  ■■  oin  tie  guraaed,  to  about  half  the  Toloine 
of  Che  air.  The  eudiometer  i>  once  moni 
Fie-  lOI-  brought  into  an  erect  potitiou,  the  lerel  of 

the  mercuTT  equaliEed,  and  the  vflume  again 
read  off)  tlie  quautilj  of  hTdrogen  addid  ia 
thUB  nccuratelj  aacertoined.  All  it  now 
readir  for  the  eiploeion ;  the  inatmniait  i« 
held  ID  the  wmj  rrpmented,  (he  open  end 
beiog  finply  dowd  by  the  thumb,  while  tha 
knuckle  of  the  (bretinger  touches  the  ucarar 
(ilatinnm  wite ;  the  ipark  is  then  puaeit  bj 
the  aid  of  a  cbatged  jar  or  a  good  electropbo- 

lined  by  the  thumb  in  the  open  part  of  tlta 
lube  aeta  aa  a  spring  and  moderata  tha 
eiplosive  eflect  Nothing  Dow  remaini  bat 
to  equalize  the  level  of  the  mercury  bj  poor* 
ing  a  little  more  into  the  instrument,  and 
then  to  t«d  off  the  volume  for  the  last  tima. 
What  is  n^^nired  to  be  known  froiD  thia 

laifFra  by  eiploeion  ;  for  since  the  hydn^en 
is  in  eicefB.  and  since  that  body  unites  with  oijgen  in  the  proportion  bj 
measure  of  two  to  one,  one-third  part  of  that  diminution  -inust  be  duo 
ts  tbe  oiygen  contained  in  the  air  introduced.  Aa  the  antount  of  the 
latter  is  known,  the  proportion  of  otygen  it  aontaina  thua  admits  <^ 
deienniDation.    The  case  suppoaed  will  render  this  dear. 

Air  introduc«d 100  meaaares. 


Dimhiutian         .        .        .        . 
—  =  21;  otjgen  In  the  hundred  a 


Compoeition 

by  weight 

Xitrcigeii. 

Oxygen. 

.     14       .     . 

8 

14       .     . 

.     .     16 

.     14       . 

.     .     24 

14       .     . 

.     .     32 

.     14       . 

.     .     40 
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frate  the  one  limb  to  the  other,  &c.  In  the  annlysia  of  oombustible 
pas  by  ezploaoQ  with  oxygen,  solution  of  cau&tic  potassa  is  often 
repaired  to  be  introduced  into  the  dosed  part. 

Compounds  of  Nitrogen  and  Oxygen, 

Then  axe  not  leas  than  five  distinct  oompoands  of  nitrogen  and 
oxygen  thus  nanied  and  constituted  :-^ 


Protoxide  of  nitrogen*    •        . 

BiDoxide  of  nitrogen  f 

Kitroua  add  •        .        .        . 

Hyponiiric  acid{ 

xiitricicid§  *         «         .         . 

Sitric  or  Aiotic  Add. — In  certain  parts  of  India,  and  also  in  other 
hoi  dry  climiites  where  rain  is  rare,  the  surface  of  the  soil  is  occa- 
saofDally  covered  by  a  saline  efflorescence,  like  that  sometimes  apparent 
on  newly-plastered  walls:  this  substance  collected,  dissolved  in  hot 
water,  the  solution  filtered  and  made  to  crystallize,  furnishes  the 
highly  important  salt  known  in  commerce  as  nitre  or  saltpetre :  it  is  a 
Gompoand  of  nitric  acid  and  potassa.  To  obtain  liquid  nitric  add, 
equal  weights  of  powdered  nitre  and  oil  of  vitriol  are  introduced  into  a 
gtass  retort,  and  heat  applied  by  means  of  an  Argand  gas-lamp  or 
charooal  chauBer.  A  fiask,  cooled  by  a  wet  doth,  is  adapted  to  the 
retort  to  serve  for  a  receiver.     No  luting  of  any  kind  must  be  used. 

As  the  distillation  advances,  the  red  fumes  which  first  arise  dis- 
appear, but  towards  the  end  of  the  process  again  become  manifest. 
When  this  happens,  and  very  little  liquid  passes  over,  while  the 
greater  part  of  the  saline  matter  of  the  retort  is  in  a  state  of  tranquil 
fusion,  the  operation  may  be  stoj^ied ;  and  when  the  retort  is  quite 
cold,  water  may  be  introduced  to  dissolve  out  the  bisulphate  of  potassa. 
The  reaction  is  thus  explained.  j| 


j^..        I   Nitric  add  — — — ^i^-  Liquid  nitiic  acid. 
Potassa 


Ofl  of  vitrol  I  Sulphuric  acid  «__2:i&^  Bisulphate  of  potassa. 

*  Otherwise  called  nitrous  oxide.  f  Otherwise  called  nitric  oxide. 

t  Galled  by  Professor  Graham  peroxide  of  nitrogen. 

}  In  i^mbols  the  composition  of  these  substances  is  thus  expressed  :— 
Protoxide  of  nitrogen    .       .       .  NO 
Binoxlde  of  nitrogen .       .       .       NOg 

Kitroiis  acid NOs 

Hyponltric  add         4       .       .       NO4 
Nitric  add NOk 

I     KO,N05      +      2  (HO,  80^    =    K0.80a;  HO.  8O9  +  HO,  NO5 


..A^ 


Nimoe  of  potassa.    Sulphuric  add.    Bisulphate  of  potassa.     Nitric  add* 


\ 
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In  the  manufacture  of  nitric  add  on  the  large  scale,  the  glass  retort 
is  replaced  by  a  cast-iron  cjlinder,  and  the  receiver  by  a  series  oi 
earthen  condensing  vessels  connected  by  tubes.  Nitrate  of  soda,  found 
native  in  Peru,  is  often  substituted  for  nitrate  of  potas^a. 

Liquid  nitric  licid  so  obtained  has  a  specific  gravity  of  from  1  *  5  to 
1  *  52  ;  it  has  a  golden-yellow  colour,  which  is  due  to  nitrous  or  hypo- 
nitric  acid  held  in  solution,  and  which,  when  the  acid  is  diluted  with 
water,  gives  rise  by  its  decomposition  to  a  disengagement  of  nitric  oxide. 
It  is  exceedingly  corrosive,  staining  the  skin  deep  yellow,  and  causiDg 
total  disorganization.  Poured  upon  red-hot  powdered  charcoal,  it 
causes  brilliant  combustion ;  and  when  added  to  waim  oil  of  turpen- 
tine, acts  upon  that  substance  so  energetically  as  to  set  it  on  fire. 

Pure  liquid  nitric  acid,  in  its  most  concentoited  form,  is  obtained  by 
mixing  the  above  with  about  an  equnl  quantity  of  oil  of  vitiiol,  redis- 
tilling, collecting  apart  the  first  portion  which  comes  over,  and  ex- 
posing it  in  a  vessel  slightly  warmed,  and  sheltered  from  the  light,  to  a 
current  of  dry  air,  made  to  bubble  through  it,  which  completely  removes 
the  nitrous  acid.  In  this  state  the  product  is  as  colourless  as  water : 
it  has  the  sp.  gr.  1  -517  at  60°  (15°-5C),  boils  at  184°  (84<^*5C),  and 
consists  of  54  parts  real  acid,  and  9  parts  water.  Although  nitric  acid 
in  a  more  dilute  form  acts  very  violently  upon  many  metals,  and  upon 
organic  substances  generally,  this  is  not  the  case  with  the  compound  in 
question  :  even  at  a  boiling  heat  it  refxit-es  to  attack  iron  or  tin  ;  and  its 
mode  of  action  on  lignin,  starch,  and  similar  substances  is  quite  peta* 
liar  and  very  much  less  energetic  than  that  of  an  add  containing  more 
water. 

On  boiling  nitric  add  of  different  degrees  of  concentration,  at  the 
ordinary  atmospheric  pressure,  a  residue  is  lefl,  boiling  at  249°  P. 
(120'5°C),  and  29  inches  barometer,  having  the  sp.  gr.  1*414  at 
60°  F.  (15 '50).  This  acid  was  formerly  supposed  to  be  a  definite 
compound  of  nitric  add  with  water ;  but  Kosooe  has  recently  proved 
this  assumption  to  be  incorrect,  the  composition  of  the  add  varying 
according  to  the  pressure  under  which  the  liquid  boils. 

Absolute  nitric  acid,  in  the  separate  Ktate,  was  unknown  up  to  1849 » 
when  M.  Devil le  succeeded  in  obtaining  this  remarkable  substance  by 
exposing  nitrate  o(  silver,  which  is  a  combiration  of  nitric  acid,  silver, 
and  oxygen,  to  the  action  of  chlorine  ga.s.  Chlorine  and  silver  combine, 
forming  chloride  of  silver,  which  remains  in  the  apparatus,  whilst 
oxygen  and  anhydrous  nitric  add  separate.*^  The  latter  is  a  colourless 
substance,  crystallizing  in  six-$dded  columns,  which  fuse  at  86^  (30°C), 
and  boil  between  US'  and  122^  (45°  and  50X),  when  tliey  commeni'e 
to  be  decomposed.  Anhydrous  nitric  acid  has  been  found  to  explode 
sometimes  spontaneously.  It  dissolves  in  water  with  evolution  of  much 
heat,  forming  hydrated  nitric  acid.  '  It  consists  of  14  parts  of  nitiogea 
and  40  part^  of  oxygen. 

*  AgO,>Oa  +  a  =  Aga  +  0  +  NO5. 
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'Nitric  acid  forms  with  hates  a  very  extensive  and  important  group 
of  aUfci,  the  niUHtes,  which  ai^  remarkable  for  all  being  soluble  in 
vftR*.  The  h  jdrated  acid  it  of  great  use  in  the  laboratory,  and  also 
in  many  branches  of  industry. 

The  acid  prepared  in  the  way  described  is  apt  to  contain  traces  of 
diloriiie  from  oommon  salt  in  the  nitre,  and  sometimes  of  sulphate  from 
vrideotnl  splatkhins:  of  the  pasty  mass  in  the  retoiL  To  discover  these 
inpiuitiest  a  portion  is  diluted  with  four  or  five  times  its  bulic  of  dis- 
tSlel  water,  and  divided  between  two  gia&ses*.  Solution  of  nitrate  of 
fllver  is  dropped  into  the  one,  and  solution  of  nitrate  of  baryta  into  the 
(i^her ;  if  no  change  ensue  in  either  case,  the  add  ia  free  from  the  im- 
parities mentioned. 

Siiric  acid  has  been  formed  in  small  quantity  by  a  very  curious 
pnmsB,  namely,  by  paadng  a  series  of  electric  spaiks  through  a  portion 
ot'  air ;  water,  or  an  alkaline  solution,  being  present.  The  amount  of 
*eA  so  formed  after  many  hours  is  very  mmute ;  still  it  is  not  im- 
posnUe  that  powerful  discharges  of  atmospheric  electricity  may  some- 
times occasion  a  trifling  production  of  nitric  add  in  the  air.  A  very 
nnOXLte  quantity  of  nitrk;  acid  is  also  produced  by  the  combustion  of 
liydiogen  and  other  substances  in  the  atmosphere ;  it  is  also  formed  by 
the  ondation  of  ammonia. 

Nitric  acid  is  not  so  easily  detected  in  solution  in  small  quantities  as 
maoy  other  adds.  Owing  to  the  solubility  of  all  its  compounds,  no 
frecipitcnU  can  be  found  for  this  substance.  An  exoellent  mode  of  test- 
ing it  is  based  upon  its  power  of  bleaching  a  solution  of  indigo  in  sul- 
phuric add  when  boiled  with  that  liquid.  The  absence  of  chlorine 
most  be  insured  in  this  experiment  by  means  which  will  hereafter  be 
(fescribed,  otherwise  the  result  is  equivocal. 

The  best  method  for  the  detection  of  nitric  add  is  the  following. 
The  sobstanoe  to  be  examined  is  boiled  with  a  small  quantity  of  water, 
the  solution  cautiously  rolled  with  an  equal  volume  of  concentrated 
Milphoric  add ;  the  liquid  is  then  allowed  to  cool,  and  a  strong  solution 
of  protosulphate  of  iron  carafuily  poured  upon  it,  so  as  to  form  a 
cpaiate  layer.  If  large  quantities  of  nitric  acid  be  pi*e8ent  the  surface 
of  contact  first,  and  then  the  whole  of  the  liquid  becomes  black.  If  but 
snail  quantities  of  nitric  add  be  present,  the  liquid  becomes  reddish- 
hrown  or  purple.  The  photosulphate  of  iron  reduces  the  nitric  acid  to 
IflDoxide  of  nitrogen  which,  dissolving  in  the  solution  of  protosulphate 
of  iron,  imparts  to  it  a  dark  colour. 

Protoxide  of   Nitrogen;    Nitrou8   Oxide  (laughing  gas). — When 
solid  nitrate  of  ammonia  is  heated  in  a  retort  or  ^bisk,*^  tig.  100,  fur- 

*  Florence  oO-flasks.  which  may  be  purchased  at  a  very  trifling  sum,  con- 
stitaie  eiceedtngly  nsteful  vessels  for  cuemlcml  parposes,  and  often  supenede 
retorts  or  other  expensive  apparatus.  They  are  rendered  still  more  valuable 
if  cottiug  the  neck  smoothly  round  with  a  hot  Iron,  softening  It  in  the  flame 
of  a  good  Arvsod  gos-launp,  and  then  turning  over  the  edge  so  as  to  form  a 
Up,  or  border.  The  neck  will  then  bear  a  tlghtiy-fittlng  cork  without  risk  of 
•putting. 
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nishfid  with  a  perfomted  cork  and  bent  tube,  it  is  pwolved  into  water 
and  nitrous  oxide.  The  nature  of  tMe  decomposition  will  be  under- 
stood from  the  subjoined  diagram.  * 

Protoz.  nitrogen.    32 


^Nitric  add  j  Nitrogen    14 

64        <  Oxygen        a 

Nitrate  of]  I  Oxygen        8 

Ammonia  {  Anmioola  l  Ocygen      24 

ao        J        17        <  Nitrogen    14 

Water     (Hydrogen    3' 

9 


IVotox.  nitrogob 
Water  27 
Water  9. 


29 


^.108. 


No  particular  precaution  is  required  in  the  operation,  save  due 

regulation  of  the  heat,  and  the  avoid- 
ance of  tumultuous  disengagement  of  the 
gas. 

Protoxide  of  nitrogen   is  a  colourless, 
transparent,    and    almost  inodorous   gas, 
of   distinctly  sweet  taste.      Its    specific 
gravity  is  1-525  ;  100  cubic  inches  weigli 
47*29  grains.    It  supports  the  combus- 
tion of  a  taper  or  a  piece  of  phosphorus 
with  almost   as   much    energy  as    pure 
oxygen:    it  is  easily  distinguished,  how- 
ever, from  that  gas  by  its  solubility  in 
cold  water,  which  dissolves  nearly  its  own 
volume ;  hence  it  is  necessary  to  use  tepid 
water  in  the  pneumatic  trough  or  gas- 
holder, otherwise  great  loss  of  gas  will 
ensue.      Niiious  oxide  has  been  liquefied, 
but  with  difficulty:    it  requires,  at  45° 
(7® '20),  a  pi^sure  of  50  atmospheres; 
the  liquid  when  exposed  under  the  bell- 
glass  of  the  air-pump  is  rapidly  converted   into  a  mow-like  solid. 
When  mixed  with  an  equal  volume  of  hydrogen,  and  fired  by  the 
electric  spark  in  the  eudiometer,  it  explodes  with  violence,  and  liberatea 
its  own  measure  of  nitrogen.     Every  two  volumes  of  the  g^  must 
consequently  contain  two  volumes  of  nitrogen "  and   one  volume  ot 
oxygen,  the  whole  being  condensed  or  contracted  one  third ;  a  constitu- 
tion resembling  that  of  vapour  of  water,  f  . 

The  most  remarkable  feature  in  this  gas  is  its  intoxicating  power 
upon  the  animal  system.  It  may  be  respired,  if  quite  pure,  or 
mWely  mixed  with  atmospheric  air  for  a  short  time,  without  Aoigcr 
or  inconvenience.  The  effect  is  very  transient,  and  is  not  followed  by 
depression. 

•    NH40,N05      =  a^o 


Nitnte  of 
ammonia. 


Protoxide  of 
nitrogen, 
t  See  page  130. 
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BiMxide  of  NUrogen, — Clippings  or  tarniogs  of  copper  are  put 
iato  the  apparatus  employeil  for  preparing  hydrogen,*  together  with  a 
Itttk  miter,  and  nitric  acid  added  by  the  funnel  until  briuk  efferves- 
ceaoe  is  excited.  The  gas  may  be  collected  orer  cold  water,  as  it  is  not 
■Dsibly  soluble. 

The  reociioa  is  a  simple  deoiidation  of  some  of  the  nitric  add  by 
the  copper :  the  metal  is  oxidized,  and  the  oxide  so  formed  is  dissolTed 
bf  another  portion  o£  the  ackL  Niti-ic  add  is  very  prone  to  act  thus 
vfaa  certain  meta]s.f 

The  gas  obtained  in  this  manner  is  colourless  and  transparent:  in 
contact  with  air  or  oxygen  gas  it  produces  deep-red  fumes,  which  are 
Rslily  absorbed  by  water :  thu  <^racter  is  snffident  to  distinguish  it 
from  all  other  gaseous  liodics.  A  lighted  taper  plunged  into  the  gas 
is  extinguished ;  lighted  phosphorus,  however,  burns  in  it  with  gi-eat 
fatilhaacy. 

The  specific  gravity  of  binoxide  of  nitrogen  is  1*039;  100  cubic 
mcbes  weigh  32  *2'i  grains.  It  contains  equal  measures  of  oxygen  and 
nitrogen  gases  united  without  condensation.  When  this  gas  is  passed 
into  a  solution  of  protoxide  of  iron  it  is  absorbed  in  large  quantity,  and 
a  deep-brown,  or  nearly  black  liquid  produced,  which  seems  to  be  a 
definite  compound  of  the  two  substances.  The  compound  is  again 
decomposed  by  boiling. 

NUroua  Acid, — Four  measures  of  binoxide  of  nitrogen  are  mixed 
with  one  meanire  of  oxygen,  and  the  gases,  perfectly  dry,  exposed  to  a 
temperature  of  0°  ( — 17°*  80).  They  condense  to  a  thin  mobile  green 
liquid.     Its  vapour  is  orange- red. 

Nitroos  add  sufficiently  pure  for  most  purposes  is  obtained  by 
pounding  concentrated  nitric  add  on  lumps  of  ai-senious  acid,  and  gently 
warming  the  mixture,  in  order  to  start  the  reaction.  Nitrous  add  is 
evfrived  as  an  orange*red  gas,  arsenic  acid  remaining  behind. 

Nitrous  add  is  decomposed  by  water,  being  converted  into  nitric 
add  and  binoxide  of  nitrogen.  For  this  reason  it  cannot  be  made  to 
unite  directly  with  metallic  oxides ;  nitrite  of  potassa  may,  however, 
be  prepared  by  fusing  nitrate  of  potassa,  when  part  of  its  oxygen  is 
eTolred;  and  many  other  salts  of  nitrous  add  may  be  obtained  by 
indirect  noeans. 

ffyponitrio  Acid. — ^It  has  been  doubted  whether  the  term  aoid 
applied  to  this  substance  be  oon-ect,  since  it  seems  to  posseev  the  power 
ti  forming  salts  only  in  a  very  limited  degree :  the  expression  has, 
notwithstanding,  been  long  sanctioned  by  um.  Moreover,  a  beautiful 
crystalline  lead-salt  of  this  substance  has  been  discovered  by  M.  P^ligot. 
It  is  fermed  by  digesting  nitrate  of  lead  with  metallic  lead. 

It  is  chiefly  the  vapour  of  hyponitric  add  which  forms  the  deep-red 

•  See  page  124. 
t4(HO,N05)    +    aCa    =  NOa  +    3(CuO.N05)     4-     4H0 

liitric  add.       Oopper.  'Binoxide  of  nitrogen,  filuate  of  copper.     Water. 
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fumes  always  produced  when  binoxide  of  nitrogen  escapes  into  the 
air.  ^ 

When  carefully-dried  nitrate  of  lead  is  exposed  to  heat  in  a  retort  of 
hard  glass,  it  is  decomposed ;  protoxide  of  lead  remains  behind,  while 
the  acid  is  resolved  into  a  mixture  of  oxygen  and  hypooitric  acid,  hy 
surrounding  the  receiver  with  a  very  powerful  freezing  mixture,  the 
latter  is  condensed  to  the  liquid  form.  It  is  then  nf'arly  colourless, 
but  acquires  a  yellow  and  ultimately  a  red  tint,  as  the  temperature 
rises.  At  82^  (27°'8C)  it  boils,  giving  ofl'  its  well-icnown  red  vapour, 
the  intensity  of  the  colour  of  which  is  greatly  augmented  by  elevation 
of  temperature. 

This  substance,  lilce  the  preceding,  is  decomposed  by  water,  bein^ 
resolved  into  binoxide  of  nitrogoi  and  nitric  add.  Its  vapour  is 
absorbed  by  strong  nitric  acid,  which  thereby  acquires  a  yellow  or  red 
tint,  passing  into  green,  the^  into  blue,  and  afterwards  diiseppearing 
altogether  on  the  addition  of  successive  portions  of  water.  The  deep- 
red  fuming  acid  of  commerce  called  nitrous  add,  is  simply  nitric  add 
impi^^nated  with  hyponitric  add  gas.* 


Kitrogen  appears  to  combine,  under  favourable  circumstances,  with 
metals.  When  iron  is  heated  to  redness  in  an  atmosphere  of  ammonia, 
it  becomes  brittle  and  crystalline,  and  shows  an  increase  in  weight,  said 
to  vary  from  6  to  12  per  cent. ;  while  according  to  other  observers,  the 
physical  characters  of  the  metal  are  changed  without  sensible  alterataon 
of  weight.  By  heating  copper  in  ammonia,  no  compound  of  nitrogen 
with  copper  is  produced.  But  when  ammonia  is  passed  over  protoxide 
of  copper  heated  to  570°  (298°*  9G),  water  is  formed,  and  a  sotlb  brown 
powder  produced  which  when  heated  further,  evolves  nitrogen,  and 
leaves  metallic  copper.  The  same  effect  is  produced  by  the  contact  of 
strong  acids.  A  similar  compound  of  chromium  with  niCrogen  appears 
to  exist. 

CARBON. 

This  substance  occurs  in  a  state  of  purity,  and  ctystallised,  in  two 
distinct  and  very  dissimilar  forms,  namely,  as  diamond,  and  as  gi«« 
phite  or  plumbago.  It  constitutes  a  large  proportion  of  all  oipinic 
structures,  animal  and  v^table  :  when  these  latter  are  exposed  to  de* 
struct] ve  distillation  in  dose  veswls,  a  great  part  of  their  carbon 
remains  obstinately  retaining  some  of  the  hydrogen  and  oxygen,  and 

*  Much  doubt  yet  bangs  over  the  true  nature  and  relaUons  of  these  two 
acld&  According  to  M.  Pdligot»  the  only  product  of  the  union  of  binoxide  ot 
nitrogen  and  oxygen  ia  hyponitric  add,  which,  In  the  total  absence  of  water,  is 
a  white  solid  crystalline  tody,  lludble  at  Iso  (-8O-9C).  At  common  tempe- 
ratures  it  is  an  orange-yellow  liquid.  The  same  product  is  obtahied  by  heat- 
ing perfectly  dry  nitrate  of  lead.  From  these  experiments  it  would  ^pear 
that  nitrous  add  in  a  separate  state  is  unlcnown.— Ann.  Chim.  et  Phya.,  3nl 
series,  it  &8. 
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_uted  with  thfe  earthy  and  alkaline  matter  of  the  tissue,  giving 
to  the  many  varieties  of  charcoal,  coke,  &c  When  perfectly  sepa- 
rated fiom  all  foreign  matter,  this  Idnd  constitntes  a  third  variety  of 

carbon. 

The  ^amood  is  one  of  the  most  remarkable  substances  known :  long 

pnaed  on  account  of  its  brilliancy  as  an  ornamental  gem,  the  discovery 

of  its  curious  chemical  nature  confers  upon  it  a  high  degree  of  scientific 

iatei^t.     Several  localities  in  India,  the  bland  of  Borneo,  and  mote 

opedaUy  Brazil,  furnish  this  beautiful  substance.     It  is  always  dis- 

tioetly  crystallized,  ot^en  quite  ti-ansparent  and  coloarless,  but  now 

and  then  having  a  shade  of  yellow,  pink,  or  h\w.    The  origin  and 

tnie  geological  position  of  the  diamond  ara  unknown;  it  is  always 

fonnd  embedded  in   gravel  and  transpoiied  materials  whose   history 

cannot  be  traced.     The  crystalline  form  of  the  diamond  is  that  of  the 

i^ular  octabeiron  or  cube,  or  some  figure  geometrically  connected 

with  these.     Haziy  of  the  octahedral  crystals  exhibit  a  very  {leculiar 

appearance,  arising  from  the  fiicea   being  curved  or  rounded,  which 

givw  to  the  crystal  an  almost  spherical  figure. 

The  diamond  is  infusible  and  unalterable  by  a  very  intense  heat, 
provided  air  be  excluded;  but  when  heated,  thus  protected,  between  the 
poles  of  a  strong  galvanic  battery,  it  is  converted  into  coke  or  graphite : 
heated  to  whiteness  in  a  vessel  of  oxygen,  it  burns  with  facility,  yield- 
ing carbonic  add  gas. 


Fig.  109. 


This  is  the  hardest  substance  known :  it  admits  of  being  split  or 
deaved  without  difficulty  in  certain  particular  directions,  but  can  only 
be  cut  or  abraded  by  a  second  portion  of  the  same  material ;  the  powder 
rubbed  off  in  this  process  serves  for  polishing  the  new  faces,  nnd  is 
also  highly  useful  to  the  Iflpidary  and  seal  engraver.  One  very  curious 
and  useful  application  of  the  diamond  is  made  by  the  glazier ;  a  frag- 
meiU  of  this  mineral,  like  a  bit  of  filht,  or  any  other  hard  substance, 
scratches  the  surface  of  the  glass ;  a  crystal  of  diamond,  having  the 
roundMi  nctahedral  figure  spoken  of,  held  in  one  particular  position  on 
the  glass,  namely,  with  an  edge  formed  by  the  meeting  of  two  adjacent 
fiices  presented  to  the  surface,  and  then  drawn  along  with  gentle 
pressure,  causes  a  deep  split  or  cut,  which  penetrates  to  a  considerable 
depth  into  the  glass,  and  determines  its  fractures  with  perfect  certainty. 

Graphite  or  plumbago  appeai-s  to  consist  essentially  of  pure  carbon, 
although  most  speqimens  contain  ii-on,  the  quantity  of  which  varies 
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from  a  mere  trace  ap  to  five  per  cent.  Graphite  is  a  somewhat  nre 
mineral :  the  finest  and  roost  valuable  for  pencils  is  brought  from 
Borrowdale,  in  Cumberland,  where  a  kind  of  irr^alar  vein  is  found 
traversing  the  ancient  slate  beds  of  that  district.*  Crystals  are  not 
common :  when  they  occur,  they  have  the  figure  of  a  short  six-sided 
prism  ; — a  form  bearing  no  geometric  relation  to  that  of  the  diamond. 

Graphite  is  often  formed  aiiificially  in  certain  metallui^c  opera* 
tions :  the  brilliant  scales  which  sometmoes  separate  from  melted  caat 
iron  on  cooling,  oalled  by  the  workmen  **  kish/'  consist  of  graphite. 

Lampblack,  the  soot  produced  by  the  imperfect  oombustion  of  oil  or 
resin,  is  the  best  example  that  can  be  given  of  carbon  in  its  uncrystal* 
iized  or  amorphous  state.  To  the  same  class  belong  the  different  kinds 
of  charcoal.  That  prepai'ed  from  wood,  either  by  distillation  in  a 
lai^e  iron  retort,  or  by  the  smothered  combustion  of  a  pile  of  fagots 
partially  covered  with  earth,  is  the  most  valuable  as  fuel.  Coke,  tb« 
charcoal  of  pit-cool,  is  much  more  impure ;  it  contains  a  large  quantity 
of  earthy  matter,  and  veiy  often  sulphur;  the  quality  depeioding  rery 
much  upon  the  mode  of  preparation.  Charcoal  from  bones  and  animal 
matters  in  general  is  a  very  valuable  substance,  on  account  of  the 
extraordinary  power  it  possesses  of  removing  colouring  matters  froni 
organic  solutions  ;  it  is  used  for  this  purpose  by  the  sugar-i'efiners  to 
a  very  great  extent,  and  also  by  the  manufacturing  and  scientific 
chemist.  The  property  in  question  is  possessed  by  all  kinds  of  char- 
coal in  a  small  degree. 

Charcoal  made  from  box,  or  other  dense  wood,  has  the  property  of 
condensing  into  its  pores  gases  and  vapours:  of  ammoniacal  gas  it  is 
said  to  absorb  not  less  than  ninety  times  its  volume,  while  of  hydrogen 
it  takes  up  less  than  twice  its  own  bulk,  the  quantity  being  apparently 
connected  with  the  property  in  the  gas  of  sufi'enng  liquefaction.  This 
property  of  absorbing  gases,  as  well  as  the  decolorizing  power,  no  doubt 
depends  in  some  way  upon  the  same  peculiar  action  of  sur&ce  so  re* 
markable  in  the  case  of  platinum  in  a  mixture  of  oxygen  and  hydn^n. 
The  absorbing  power  is  indeed  considerably  increased  by  saturating 
charcoal  with  solution  of  platinum,  and  Igniting  it  subsequently,  so  as 
to  coat  the  charcoal  with  a  thin  film  of  platinum.     Dr.  Stenhouse,  who 

*  The  graphite  whicb  can  be  directly  cut  for  pencils  occurring  only  In  limited 
quantity,  powdered  graphite,  obtained  from  the  inferior  varieties  of  the  mineral 
Is  now  ireqaently  consolidated  forthis  purpose.  The  mechanical  division  of 
graphite  presents  considerable  diflRulties,  whidi  may  be  entirely  obviated  by 
adopting  a  chemical  process  suggested  by  Mr.  firodie,  applicable,  however,  only 
to  certain  varieties,  such  as  Ceylon  graphite.  Mr.  Brodie's  process  consists  in 
introducing  Uie  ooarsely-powdered  graphite,  previously  mixed  with  -k  of  ita 
weight  of  chlorate  of  potassa,  into  2  parts  of  concentrated  sulphuric  acid  which 
is  boated  in  a  water-bath  until  the  evolution  of  add  ftunes  ceases.  The  acid 
is  then  removed  by  water  and  the  graphite  dried.  Thus  prepared,  this  snb* 
stance,  when  heated  to  a  temperature  approaching  a  red  heat,  swells  up  to  a 
volumhions  mass  of  finely-divided  graphite.  The  graphite  lately  discovered  in 
Siberia,  which  has  attracted  such  general  aUentJon  at  the  Exhibition  of  1882, 
UJEea'ise  admits  of  boing  puritted  by  Mr.  Brodie's  procesa. 


■qggateA  this  plan,  finds  that  the  gases  thus  absorbed  undergo  a  kind 
of  oxidatioii  iivithin  the  pores  of  the  charcoal. 

Compounds  of  Carbon  and  Oxygen, 

There  are  two  direct  inorganic  compounds  of  carbon  and  oxygen 
called  carbooic  oxide  and  carbonic  acid  :>  their  composition  may  be  thu^ 
stated: — 

Gomposltion  \rf  weight, 

(Wbon.       Oxygen. 
Carbonic  oxide     .....     6  8 

Carbonic  acid  ....  6  16 

Carhofuc  Acid  is  always  produced  when  charcoal  bums  in  air  or 

oxjgen  gas :  it  is  most  conveniently  obtained,  however,  for  study,  by 

decompoeing  a  carbonate  with  one  of  the  stix^nger  acids.     For  this 

inrpose,   the  apparatus  for  generating  hydrogen  may  again  be  em* 

ployed  :    fiagments  of  marble  are  put  into  the  bottle  with  enocigh 

water  to  cover  the  extremity  of  the  funnel-tnbe,  and  hydrochloric*  or 

nitric  acid  added  by  the  latter,  until  the  gas  is  freely  disengaged. 

Chalk-powder  and  dilute  sulphuric  acid  may  be  used  instead.     The 

gss  Diay  be  collected  over  water,  although  with  some  loss;  or  very 

amveniently  bj  displacement,  if  it  be  required  dry,  as  shown  in  the 

figure.     The  long  drying-tube  is  filled  with  fragments  of  chloride  oi 

calcium,  and  the  heavy  gas  is  conducted  to  the  bottom  of  the  vessel  ill 

which  it  is  to  be  receiveii,  the  mouth  of  the  latter  being  lightly  closed. f 

Carbonic  acid  gas  is  colourless :  it  has  an  agreeable  pungent  taste 
and  odour,  but  cannot  be  respired  for  a  minute  without  insensibility 


•    CaO.C02    +        HCl       =         CaCT        +        HO       +       COj 


CarboDiite       Hydrochloric       Chloride  of  Water.  Carbon  io 

of  lime.  acid.  calcium.  acid. 

^  In  connecting  tube-apparatus  for  conveying 
gues  or  cold  liquids,  not  corrosive,  little  tubes 
of  caouudionc  aboat  an  inch  long,  are  inexpi-a-  ^-  ^^0* 

tSbif  osefuL  These  are  made  by  bending  a  piece 
of  sheet  Indlarrubber  loosely  round  a  ^aas  tube 
or  rod.  and  cuiting  off  the  superfluous  portion 
with  sharp  scissors.  The  fresh-cut  edges  of  the 
csoutcbouc,  pressed  strongly  together,  cohere  com- 

Eiiely,  and  the  tube  is  perfect,  provided  they 
re  not  been  soiled  by  touching  with  the  fingers. 
Hie  connectors  aie  secured  by  two  or  three  turns 
of  thin  silk  cord.  Tubes  of  various  sizes  made  of 
VQlcsQlxed  India-rubber  are  now  articles  of  oom- 
BKTce.  and  may  be  conveniently  substituted  for 
tkose  made  in  the  laboraioiy.  The  glass  tubes  are 
sold  by  wei^t,  and  are  easily  bent  in  the  flame  of 
s  Bpint-lamp,  and,  when  necesstiry,  cut  by  scratch- 
ing with  a  file,  and  broken  asunder. 
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following.    ItB  specific  gravity  is  1  *  524|*  100  cubic  indies  weighing 
47 '26  grains. 


Pig.  111. 


^SSOBaSSS^ 


This  gas  is  very  hurtful  to  animal  life,  even  when  largely  diluted 
with  air :  it  acts  as  a  narcotic  poison.  Henoe  the  danger  arising  fi*om 
imperfect  ventilation,  the  use  of  fii-e-plooes  and  stoves  of  all  kinds 
unprovided  with  proper  chimneys,  and  the  crowding  together  of  many 
individutls  in  houses  and  ships  without  efficient  means  for  renewing 
tlie  air;  for  carbonic  acid  is  constantly  dit^engnged  during  the  pi*ocew 
of  respiration,  which,  as  we  have  seen  (page  121),  is  nothing  but  it 
process  of  slow  combustion.  This  gas  is  sometimes  emitted  in  large 
quantity  from  the  earth  in  volcanic  districts,  and  it  is  constantly  gene- 
rated where  organic  matter  is  in  the  act  of  undergoing  fermeutive 
decomposition.  The  fatal  "  after-damp  "  of  the  coal-mines  contains  a 
large  proportion  of  carbonic  acid. 

A  lighted  taper  plunged  into  carbonic  acid  is  instantly  extinguisl|ed 
even  to  the  i^-hot  snutf.  \Snien  diluted  with  three  times  its  volume 
of  air,  it  still  retains  the  power  of  extinguishing  a  light. '  The  gas  is 
easily  known  from  nitrogen,  which  is  also  incapable  of  supporting  com- 
bustion, by  its  rapid  absorption  by  caustic  alkali,  or  by  lime-water ;  the 
turbidity  communi<«ted  to  the  latter  from  the  pixniuction  of  insoluble 
carbonate  of  lime  is  very  characteristic. 

Cold  water  dissolves  about  its  own  volume  of  carbonic  acid,  what- 
eyer  be  the  density  of  the  gas  with  which  it  is  in  contact  (comp.  p.  139)  ; 
the  solution  temporarily  iieddens  litmus  paper.  In  common  soda  water, 
and  also  in  efieivescent  wines,  examples  may  be  seen  of  this  solubility 
of  the  gas.     Even  boiling  water  absorbs  a  perceptible  quantity. 

Some  of  the  interesting  phenomena  attending  tlie  jiquefaction  of 
carbonic  acid  have  been  already  described :  it  requires  for  the  purpose  a 
pressure  of  between  27  and  28  atmospheres  at  3*2°  (0°C),  according  to 
Hr.  Adams.     The  liquefied  acid  is  colourless  and  limpid,  lighter  than 

*  MM.  Dulong  and  Berzelius. 
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^aterand  font*  tixnes  more  expansible  than  air;  it  miies  in  all  proper- 
tkmi  with  ether,  alc»hol,  naphtha,  oil  of  turpeatine,  and  bisulphide  of 
cvbon,  ami  is  insoluble  in  water  and  fat  oils.  It  is  probably  destitute 
vha  in  this  condition  of  all  properties  of  an  acid. 

Carbonic  acid  exists,  aa  already  mentioned,  in  the  air:  relatively  its 
qi:antity  is  but  small,  but  absolutely,  taking  into  account  the  va^t 
extoit  of  the  atmosphere,  it  is  very  great,  and  fully  adequate  to  the 
perpose  for  which  it  is  designed,  namely,  to  supply  to  pbmts  their 
taibon :  these  latter  having  the  power,  by  the  aid  of  their  green  leaves, 
of  decomposing  carbonic  acid,  retuning  the  carbon,  and  expelling  the 
Qsygen.  The  presence  of  light  is  essential  to  this  extraordinary  effect, 
bat  of  the  manner  in  which  it  is  produced  we  are  yet  ignorant. 

The  CArhonates  foi-m  a  very  large  and  impoi-tant  group  of  palts, 
some  of  which  occur  in  nature  in  great  quantities,  as  the  carbonates'  of 
fime  and  magnef^Ja. 

Carixmio  Oxide. — When  carbonic  acid  is  passed  over  red-hot  char- 
eool  or  metallic  iron,  one-half  of  its  oxygen  is  removed,  and  it  becomes 
eooverted  into  carbonic  oxide.  A  very  good  method  of  preparing  this 
pa  is  to  introduce  into  a  flask  fitted  with  a  bent  tube  some  crystal- 
lized oxalic  acid,  or  salt  of  son-el,  and  pour  upon  it  five  or  six  times  as 
much  strong  oil  of  vitriol.*  On  heating  the  mixture,  the  oi-ganic  acid 
is  resolved  into  water,  carbonic  acid  and  carbonic  oxide:  bypassing 
the  gases  through  a  strong  solution  of  caustic  potassa,  tlie  first  is  with- 
drawn by  ahsorption,  while  the  second  remains  unchanged.  Another, 
and  it  may  be  preferable  method,  is  to  heat  finely-powdered  yellow 
ferrocyanide  of  potassium  with  eight  or  ten  times  ita  weight  of  con- 
eaitrated  sulphuric  acid.  The  salt  is  entirely  decomposed,  yielding  a 
most  copious  supply  of  perfectly  pure  carbonic  oxide  gas,  which  may 
be  collected  over  water  in  the  usual  manner,  f 

Carbonic  oxide  is  a  combustible  gss  ;  it  burns  with  a  beautiful  pale 
Une  flame,  generating  carbonic  acid.  It  has  never  been  liquefied.  It 
is  oolourle»,  has  very  little  odour,  and  is  extremely  poisonous,  much 
more  so  than  carbonic  acid.  Mixed  with  oxygen,  it  explodes  Ly  the 
electric  spark,  but  with  some  difUculty.  Its  specific  gravity  is  0*973; 
100  cubic  inches  weigh  30*21  grains. 

The  relation  by  volume  of  these  oxides  of  carbon  may  thus  be  made 
intelligible :  carbonic  acid  contains  its  own  volume  of  oxygen,  that  gas 
snfienng  no  change  of  bulk  by  its  conversion.  One  measure  of  carbonic 
oxide,  mixed  with  half  a  measure  of  oxygen  and  exploded,  yields  one 

•2HO,C408    +      aCHOjSOs)     =      200      +      2CO2    -f-    2(2H0^3] 


■"x 


Oxalic  add.         Concentrated         Carbonic       Carbonic  Diluted 

sulphuric  add.         oxide.  add.         sulphnric  add. 

t  See  a  pnper  by  the  author  in  Memoirs  of  Chem.  Soa  of  London,  1.  251. 
1  eq.  ferrocyanide  of  potasttiam,  6  eq.  of  water,  and  6  eq.  oil  of  vitriol  yield  6  eq. 
caihonic  oxide,  2  eq.  sulphate  of  potaasa,  3  eq.  sulphate  of  ammonia,  and  I  eq. 
protOHUlphate  of  iron. 

KAN%Fc  +  6H0  +  e(H0,SOs)  =  600  +  2(K0,S03)  +  aCNHiO^Oj) 
+  Jf eO,S03. 


mmiDK  of  carbonic  acid;  bencearboaicoiidrcoDtiiDahairibTolaiife 
of  oiyitni. 

Cirbooic  oiMe  onifn  witli  rhlarin«  under  the  influoin  of  light, 
forming  a  pungent,  saffbcatiag  compoUDd,  poivewing  udd  propertiea, 
oiled  phosgene  gai,  or  chloro-carbonic  acid.  It  ia  mude  by  miring 
equal  Tolumw  of  carbonic  oiide  and  chlorine,  both  periectly  drj,  and 
eipoiiug  the  miituiv  to  annihine:  the  gaare  unite  qoietl}',  the  colour 
dirappenia,  and  the  volume  be<vma  reduced  to  one-balf.  A  more  con- 
Tenient  mpthod  for  preparing  thii  gaa  conHiti  in  paning  carboDie  oiid* 
through  pentachloride  of  antiinony.     It  i*  decomposed  hj  water. 


Thia  ia  aa  elementarr  bndj  of  grcnt  importance  and  interest.  Sul- 
phur ia  aften  found  in  a  frre  slate  in  couneilon  ivith  depoaita  of 
grpaum  and  rock-aalt ;  \U  occurrence  in  volcanic  diitricta  ip  probably 
accidental.  Seilj  furniihea  a  Inrge  proportion  of  the  lulphur  am- 
ployed  in  Europe.  In  a  stale  of  combination  with  iroo  and  other 
metali,  aud  ai  aulpburic  acid,  united  to  linie  and  magoeala,  it  ia  also 

Pure  aiilphnr  la  a  pnle-vellow  brittle  aolid.of  weH-knownappearsnoe. 
It  melta  when  heated,  and'diatiii  over  unaltered,  if  air  he  eicluded.  The 
oystnla  of  lulphur  exhibit  two  dlalinrt  and  incompatible  fomu,  nxmelf. 
nn  octaho.lron  with  rhombic  baa*  (fig.  112),  which  li  the  figure  of 
native  sulphur,  and  that  aiiumed  wheo  aulphur  aeparates  Irom  Ktlution 
at  common  temperatures,  aa  when  a  »lutiun  of  sulphnr  in  biiulphiile 
of  carbon  ia  eipoaed  to  alow  evaporatiiHi  la  the  air:  and  a  lengthened 
prinn,  having  no  relation  to  the  preceding- :  this  happent  when  a  maaa 
of  ><il|ihur  ia  melted,  and.  alter  partial  coollDg,  the  cnitl  of  the  aur&te 
broken  and  the  Suid  portion  pouied  oat.     Fig.  113  ahowB  the  rvuU  of 
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^hm  {uTiher  heated,  it  begins  to  thicken,  and  to  acquire  a  deeper 

tskv;  and  between  430"=^  (^221°C)  and  480°  (249°C)  it  is  so  tenacious 

tbt  the  vessd  in  which  it  is  contained  may  be  inverted  for  a  moment 

v^oot  the  loss  of  its  contents.   If  in  this  state  it  be  poured  into  wator, 

it  retains  lor  many  hours  a  remaricably  soft  and  tiezible  condition,  whidi 

<^id  be  looked  upon  as  the  amorplious  state  of  sulphur.     After  a 

vkiJe  it  again  becomes  brittle  and  crystalline.     From  the  temperature 

hit  mentioDed  to  the  boiling-point  about  752''  (400°C),  sulphur  again 

Inomss  thin  and  liquid.     In  the  preparation  of  commercial  flowers  of 

aiJphur  the  vapour  is  conducted  into  a  large  cold  chamber,  where  it 

nfideoses  in  minute  crystals.     The  sped  6c  gravity  of  sulphur  rapoor 

ii2-23(DeTille). 

Salnhor  is  insoluUe  in  water  and  alcohol ;  oil  of  turpentine  and  the 
fit  oils  dinolve  it,  but  the  best  substance  for  the  purpose  is  bisulphide 
of  carbon.  In  its  chemical  relations  sulphur  bears  gi^eat  resemblance 
to  Qsygen :  to  very  many  oxides  there  are  corresponding  sulphides,  and 
tie  solf^ides  often  unite  among  themselves,  forming  crystallizable  com- 
poinds  analogous  to  salts. 

i>alphuT  appears  to  exist  in  sevci'a]  modifications.  When  heated  to 
^^(SSC/'Cj,  and  rapidly  cooled,  40  per  cent,  of  sulphur  becomes 
iosohible  in  bisulphide  of  carbon :  by  repeated  heating  to  this  tempera- 
tore  the  sulphur  becomes  more  and  more  dark-i^.  It  is  heated  with 
Nlphide  of  carbon  to  separate  the  soluble  sulphur,  and  the  insoluble 
T^w  residue  is  repeatedly  heated  to  212°  (100°C),  and  treated  with 
iBMlphide  of  carbon,  then  heated  to  572°  (300°C)  and  suddenly  cooled, 
fhe  modification  thus  obtained  is  insoluble  in  sulphide  ot  carbon, 
Alcohol,  ether,  benzol,  oil  of  tui'pentine,  and  chloroform.  If  this  variety 
«f  sulphur  be  heated  from  266**  to  302°  (130°  to  150°C),  on  cooling  it 
becomes  soluble  in  bisulphide  of  carbon ;  by  slow  evaporation  yellow 
sulphur  crystallines  out,  and  a  red  fluid  remains,  which  ultimately 
solidifies  to  red  sulphur. 

Cknnpounds  of  Sulphur  and  Oxygen, 


Sulphurous  acid  .        .        • 

Sul{^uric  acid  *       .        •        .        . 
Hyposulphurous  add  . 
Hyposulphuric  acid  ..         *         . 

Sulphuretted  hyposulphuric  acid  . 
Bisulphuretted  hyposulphuric  acid     , 
Trisoiphuretted  hyposulphuric  add  f 

*  The  termtnatlons  cm  and  te,  aj^Iied  to  adds,  signify  degrees  of  oxidation 
Uw  latter  being  the  highest :  acids  encUng  in  oug  form  salts  the  names  of  whldi 
we  made  to  end  In  ite,  and  those  in  ie  terminate  in  ate— as  tulpkurom  add, 
nifhite  of  soda ;  nUj^vrie  add,  tulphaU  of  sodSk 

t  The  more  advanced  student  will  be  glad  to  see  these  stated  la  equivalents 


Compost tlon  by  weight. 

Solphiu*. 

.  Oxygen. 

16 

16 

16 

24 

32 

16 

82 

40 

48 

40 

64 

40 

80 

40 
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Sulphurous  Acid. — ^This  is  the  only  piodurt  of  the  combustion  of 
sulphur  in  dry  air  or  oxygen  gas.  It  is  most  conveniently  prepared 
by  heating  oil  of  vitriol  with  metallic  mercury  or  oop)>er  clippings ;  a 
portion  of  the  acid  is  decomposed,  one-third  of  its  oxygen  being  trans- 
fen^  to  the  metal,  while  the  sulphuric  add  becomes  sulphuious.* 
i^nother  very  simple  method  of  preparing  sulphurous  acid  consists  in 
heating  concentrated  sulphuric  add  with  sulphur  ;  a  very  regular  evo- 
lution of  sulphurous  acid  is  thus  obtained.  Sulphui'ous  acid  thus 
obtained  is  a  colouile5:s  gas,  having  the  peculiar  suffocating  odour  ot 
burning  brimstone ;  it  instantly  extinguishes  flame,  and  is  quite  irre- 
spirable.  Its  density  is  2 '  21  ;  100  cubic  inches  weighing  68 '  69  grains 
At  0°  (  —  17° '80,)  under  the  pressure  of  the  atmosphere,  this  gas  con- 
deni^es  to  a  colourless,  limpid  liquid,  very  expansible  by  heat.  Cold 
water  dissolves  more  than  thirty  times  its  volume  of  sulphurous  acid. 
The  solution  may  be  kept  unchangpd  so  long  as  air  is  excluded,  but 
access  of  oxygen  gmdually  converts  the  sulphurous  into  sulphuric  acid, 
in  the  piesenoe  of  water,  althoi^gh  the  diy  gnses  may  remain  in  contact 
for  any  length  of  time  without  change.  When  sulphurous  acid  and 
aqueous  vapour  are  passed  into  a  vessel  cooled  to  below  17^  or  21^ 
(  -  8°'  3  or  —  6°C),  a  crystalline  body  forms,  which  contains  about  24  •  2 
acid  to  75  •  8  of  water. 

One  volume  of  sulphurous  acid  gas  contains  one  volume  of  oxygen 
and  j  of  a  volume  of  sulphur- vapour,  condensed  into  one  volnme. 

G&*^s  which,  like  the  present,  are  freely  soluble  in  water,  must  be 
collected  by  displacement,  or  by  the  use  of  the  mercurial  pneumatic 
trough.  The  mnnipulation  with  the  latter  is  exactly  the  same  in  prin- 
ciple as  with  the  ordinary  water-trough,  but  rather  more  troublesome, 
from  the  great  demity  of  the  mercury,  and  its  opacity.  The  whole 
apparatus  is  on  a  much  smaller  scale.  The  trough  is  best  constructed 
of  haixl,  sound  wood,  and  so  contrived  as  to  economize  as  much  as 
possible  the  expensive  fluid  it  is  to  contain. 

Sulphurous  acid  has  bleaching  properties  ;  it  u  nsed  in  the  arts  for 
bleaching  woollen  goods  and  straw-plait.     A  piece  of  blue   litmos- 


by  the  use  of  Fymbola,  their  relations  beoomlng  thereby  mnch  more  evident. 
'Fhe  following  ore  the  quantities  required  to  saturate  one  equivalent  of  a 
base.— 

Sulpburona  acid SOj 

Sulphuric  ac!d 8O3 

Hyposulpfaurous  add S262 

Hyposulphurlc  actd,  DUhionic  add     ....  S^O^ 

Sulphuretted  hyporalpburic  add,  Trithionic  acid         .  S^Os 

Bisulpliuretted  hvposulphurlc  acid,  Tetratkionie  acid  S4O5 

Trisulphuretted  byposulphurij:  add, /'entcuAu/ntc  acid  SaOs 

•    aCHCSO;,)     +     Cn       =        SD2        +      CuCSOs    +     2H0 

Sulphuric  Copper.  Sulphurous       Sulphate  of       Water, 

add.  add.  copper. 
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paper  plunged  into  the  moist  gas  is  first  reddened  and  then  slowly 
Ueacfaed. 

The  salts  of  sulphnrons  acid  are  not  of  much  importance :  those  of 
the  alkalis  are  soluble  and  cry&tallizAble ;  they  are  easily  formed  by 
direct  combination.  Sulphites  of  baryta,  strontia,  and  lime  are  inao- 
lable  in  water,  bat  soluble  in  hydrochloric  add.  The  strong  acids 
decompose  them ;  nitric  add  converts  them  into  sulphates. 

Sulphvric  Aci<}.— -Hydrated  sulphuric  acid  has  been  known  since  the 
fifteenth  century.  There  are  two  distinct  processes  by  which  it  is  at 
the  present  time  prepared,  namely,  by  the  distillation  of  greeu  sulphate 
of  iron,  and  by  the  oxidation  of  sulphurous  add  by  nitrous  and  hypo- 
nitric  adds. 

The  first  process  is  still  carried  on  in  some  parts  of  Geimany,  espe- 
at\\j  in  the  neighbourhood  of  Nordhausni  in  Prussia  and  in  Bohemia. 
The  sulphate  of  iron,  derived  from  the  oxidation  of  iron  pyrites,  is  de- 
prived by  heat  of  the  greater  part  of  its  water  of  crystallization,  and 
subjected  to  a  high  red  heat  in  earthen  retorts,  to  which  re<-eive]-s  are 
fitted  as  soon  as  the  add  begins  to  distil  over.  A  part  gets  decomposed 
by  the  very  high  temperature  ;  the  remainder  is  driven  off  in  vapour, 
which  is  condensed  by  the  cold  vessel,  containing  a  yetj  small  quantity 
of  water  or  common  sulphuric  add.  The  product  is  a  brown  oily 
Ik^ttid,  of  about  1 '  9  specific  gravity,  fuming  in  the  air,  and  veiy  corro* 
live.     It  is  chiefly  made  for  the  purpose  of  dissolving  indigo. 

The  second  method,  which  is,  perhaps,  with  the  single  exception 
mentioned,  always  followed  as  the  more  economical,  depends  upon  the 
fiMst  that,  when  sulphurous  acid,  hyponitric  acid,  and  water  are  present 
in  certain  proportions,  the  sulphuious  acid  becomes  oxidized  at  the  ex- 
pense of  the  hyponitiic  add,  which  by  the  loss  of  one-half  of  its  oxygen 
■inks  to  the  condition  of  binoxide  of  nitrogen.  The  operation  is  thus 
oonducted : — A  lai^  and  very  long  chamber  is  built  of  sheet-lead  sup- 
ported by  timber  firaming;  on  the  outside,  at  one  extremity,  a  small 
fumaoe  or  oven  is  constructed,  having  a  wide  tube  leading  into  the 
chamber.  In  this,  sulj^ur  is  kept  burning,  the  fiame  of  which  heats  a 
cmcible  containing  a  mixtare  of  nitre  and  oil  of  vitriol.  A  shallow 
stratum  of  water  occupies  the  floor  of  the  diambei*,  and  a  jet  of  steam 
is  also  introduced.  Lastly,  an  exit  is  provided  at  the  remote  end 
of  the  chamber  for  the  spent  and  useless  gases.  The  eftect  of  these 
arrangements  is  to  cause  a  constant  supply  of  sulphurotis  acid,  atmo- 
spheric air,  nitric  add  vapour,  and  water  in  the  state  of  steam,  to  be 
thrown  into  the  chamber,  there  to  mix  and  react  upon  each  other.  The 
nitric  acid  immediately  gives  up  a  part  of  its  oxygen  to  the  sulphurous 
add,  becoming  hyponitric:  it  does  not  remain  in  this  state,  however, 
but  suffers  further  deoxidation  until  it  becomes  reduced  to  binoxide  of 
nitrogen.  That  substance  in  contact  with  free  oxygen  abtK>rU  a  portion 
of  tltt  latter,  and  once  more  becomes  hyponitric  acid,  which  is  again 
dotuied  to  undergo  deoxidation  by  a  fresh  quantity  of  sulphurous  acid. 
A  very  small  portion  of  hyponitric  acid,  mixed  with  atmospheric  air 
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and  sulpbuTons  acid,  may  thns  in  time  convert  an  indefinite  amount  of 
the  latter  into  sulpliuric  add,  by  acting  as  a  kind  of  carrier  between 
the  oxygen  of  the  air  and  the  sulphurous  add.  The  presence  of  water 
is  essential  to  this  i^eactjon. 

We  may  thus  represent  the  change* : — 


Hyponitric  acid 
46 

Sulphurous  add 

64 
Water 


Nitrogen  14 

'  Oxygen     16 

Ox?gen     16 

Sulphur   32 

( Oxygen    32 

.     18 


Binoxide  of  nitrogen 
30. 


Hydrated    sulphuric 
acid  98. 


Such  is  the  simple!«t  view  that  can  be  taken  of  the  production  of 
sulphuric  acid  in  the  leaden  chamber ;  but  it  is  too  much  to  affiim  that 
it  is  strictly  true ;  it  may  be  more  complex.  When  a  little  water  is 
put  at  the  bottom  of  a  large  glass  globe,  so  as  to  maintain  a  certain 
d«>gree  of  humidity  in  the  air  within,  and  sulphurous  and  hyponitric 
acids  are  introduced  by  se|>arate  tubes,  symptoms  of  chemical  action 
become  immediately  evident,  and  affer  a  little  time  a  white  cry.<rfaUine 
matter  is  observed  to  condense  on  the  sides  of  the  vessel.  This  sub- 
stance appears  to  be  a  compound  of  sulphuric  acid,  nitrous  acid,  and  a 
little  water.f  When  thrown  into  water,  it  is  resolved  into  sulphuric 
acid,  binoxide  of  nitrogen,  and  nitric  acid.  Thb  curious  body  is  cer- 
tainly very  often  pit)duced  in  lai^e  quantity  in  the  leaden  chambers ; 
but  that  its  production  is  indi^penbable  to  the  success  of  the  pix>cess,  and 
constant  when  the  operation  goes  on  well,  and  the  hyponitric  acid  is  not 
in  excels,  may  perhaps  admit  of  doubt. 

The  wator  at  the  bottom  of  the  chamber  thus  becomes  loaded  with 
sulphuric  acid:  when  a  certain  degree  of  strength  has  been  reached,  it 
is  drawn  off  and  concentrated  by  evaporation,  first  in  leaden  pans,  and 
aflerwaitls  in  stills  of  platinum,  until  it  attains  a  density  (when  cold) 


KOi 


+       2SO2      +      2H0     =     NO2       +      2(HO.SOs) 


Hyponitric       Sulphurous       Water.       Binoxide  of  Hj'dmted 

add.  add.  nitrogen.         snlphuric  add. 

-f-  M.  Gaultier  de  Claubry  assigned  to  this  carious  substance  the  oompoalUon 
ezpreBBied  by  the  formula  4HO,2N08+&804|,  and  this  view  has  generally  been 
received  by  recent  chemical  writers.  M.  de  la  IVovoetaye  has  since  shown 
that  a  compound,  possessing  all  the  esseniial  properties  of  the  body  in  question, 
may  be  formed  by  bringing  together,  in  a  sealed  glass  tube,  liquid  sulphunras 
add  and  liquid  hyponitric  acid,  both  tree  irom  water.  The  white  aystallfne 
solid  soon  begins  to  form,  and  at  the  expiration  of  twenty-six  hours  the 
reaction  appeiirs  complete.  The  new  product  is  accompanied  by  an  exceedingly 
volatile  greenish  liquid  having  the  characters  of  nitrons  add.  The  white  sab- 
stance,  on  analysis,  was  fonnd  to  contain  the  elements  of  two  equivalents  of 
sulphuric  add  and  one  of  nitrous  acid,  or  NOji+SSOs.  M.  de  la  Provostaye 
very  ingeniously  explains  the  anomalies  in  tlie  diflerent  analysts  of  the  leaden* 
chamber  product,  by  showing  that  the  pure  substance  forms  crystallisable 
combinations  with  different  proportions  of  liquid  sulphuric  add.  (Ann.  CUm. 
et  Phys.  UxUi.  3«2.) 
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of  1-84,  or  themboots;  it  is  then  transferred  to  carboys,  or  large 
glass  bottles  fitted  in  baaketa,  for  sale.  In  Gi^eat  Britain  this  manu- 
fiKtare  ia  one  of  gi-eat  national  importance,  and  is  carried  on  to  a  rast 
nteot.  This  add  is  now  more  frequently  made  by  buining  iron 
pjrites,  or  poor  copper  ore,  or  cine-blende,  as  a  subatitute  for  Sicilian 
volpbur:  this  is  chiefly  used  by  the  makers  for  their  own  consumption ; 
it  Tery  frequently  contains  arsenic,  from  which  it  may  be  freed,  how- 
erer,  by  heating  the  acid  with  a  small  quantity  of  diloride  of  sodium, 
or  by  passing  through  the  heated  acid  a  current  of  hydrochloric  acid 
gM,  when  the  arsenic  is  rolatilized  as  tevchloride. 

The  most  concentitited  sulphuric  acid,  or  oil  of  vitnol,  as  it  is  often 
called,  ia  a  definite  combination  of  40  parts  real  acid,  and  9  paita 
water.*  It  is  a  colourless,  oily  liquid,  having  a  specific  gravity  of 
about  1'85,  of  intensely-acid  taste  and  reaction*  Oi^anio  matter  is 
rapidly  chirred  and  destroyed  by  this  substance.  At  the  tempera- 
tuie  of  —  15°  (  -  2eP*  IC)  it  freezes ;  at  620'^  (3260«6C)  it  boils,  and 
may  be  distilled  without  decomposition.  Oil  of  vitriol  baa  a  most 
eoei^etic  attraction  for  water:  it  withdraws  aqueous  vapours  from  the 
^r,  and  when  dilated  with  water,  great  heat  is  evolved,  so  that  tlie 
mixture  always  requires  to  be  made  with  caution.  Oil  of  vitriol  is  not 
the  only  hydrate  of  sulphuric  acid  ;  three  others  are  known  to  exist, 
l^lien  the  fuming  <mI  of  vitriol  of  Nordhausen  is  expofwd  to  a  low  tem- 
perature, a  white  crystalline  substance  separates,  which  is  a  hydrate 
containing  half  as  much  water  as  the  common  liquid  acid.  Then, 
again,  a  mixture  of  49  parts  of  strong  liquid  add  and  9  partiiof  water, f 
congeals  or  crystallizes  at  a  temperature  above  32°  (0°C),  and  remains 
solid  even  at  45°  (7^*20).  Lastly,  when  a  very  dilute  acid  is  concen- 
trated by  evaporation  in  vacwo  over  a  surface  of  oil  of  vitriol,  the 
evap>)ration  stops  when  the  real  acid  and  water  bear  to  each  other  the 
proportion  of  40  to  27. X 

When  good  Kordhausen  oil  of  vitriol  is  exposed  in  a  retort  to  a  gentle 
heat,  and  a  receiver  cooled  by  a  freezing  mixture  fitted  to  it,  a  volatile 
substance  distils  over  in  great  abundance,  which  condenses  into  beautiful 
white,  silky  crystals,  resembling  those  of  asbestos :  this  bears  the  name 
of  anhydrous  sulphuric  add.  When  put  into  water  it  hisses  like  a  hot 
iron,  from  the  violence  with  which  combination  occurs ;  exposed  to  the 
air  even  for  a  few  moments,  it  liquefies  by  absorption  of  moisture, 
forming  common  liquid  sulphuric  acid.  It  forms  an  exceedingly  curious 
compound  with  dry  ammoniacal  gas,  quite  distinct  from  ordinary  sul- 
phate of  ammonia,  and  which  indeed  possesses  none  of  the  characters  of 
a  sulphate.  Anhydrous  sulphuric  add  may  also  be  obtained  by  distil- 
ling the  most  concentrated  oil  of  vitriol  with  a  suHScient  quantity  of 
anhydrous  phosphoric  acid,  or  by  passing  a  mixture  of  dry  sulphurous 
acid  and  oxygen  over  heated  spongy  platinum. 

•  S03,H0.  t  S03,2HO. 

X  S03,3H0. 
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When  the  vaponr  of  hydrated  sulphuric  acid  is  passed  over  red-hot 
platiQum,  it  is  decomposed  into  oxjgen  and  sulphurous  acid.  Ste.  Claire 
DeTille  and  Dehray  have  recommended  this  process  for  the  preparation 
of  oxygen  on  a  large  scale,  the  sulphurous  acid  bdng  easily  separated 
by  its  solubility  in  water  or  alkaline  solutions. 

Sulphuric  acid,  in  all  soluble  states  of  combination,  may  be  detected 
with  the  greatest  ease  by  solution  of  nitrate  of  baryta,  or  chloride  of 
barium.  A  white  precipitate  is  produced,  which  does  not  dissolve  id 
nitric  acid. 

Hyposulphurwu  Acid, — ^By  digesting  sulphur  with  a  solution  of 
sulphite  of  potassa  or  soda,  a  portion  of  that  substance  is  dissolved, 
and  the  liquid,  by  slow  evaporation,  furnishes  crystals  of  the  new  salt.* 
The  acid  cannot  be  isolated :  when  hydrochloric  acid  is  added  to  a  solu- 
tion of  a  hyposulphite,  the  acid  of  the  latter  is  almost  instantly  resolved 
into  sulphur,  which  precipitates,  and  into  sulphurous  acid,  easily  re- 
cognized by  its  odour.  The  most  remarkable  feature  of  the  alkaline 
hyposulphites  is  their  property  of  dissolving  certain  insoluble  salts  of 
silver,  as  the  chloride< — a  property  which  has  lately  conferred  upon 
them  a  considerable  share  of  importance  in  relation  to  the  art  of  photo- 
graphy. 

Eypowlphurio  Acid;  DUhiantG  Acid. — This  is  prepared  by  sns- 
pending  finely-divided  binoxide  of  manganese  in  water  artificially 
cooled,  and  then  transmitting  a  stream  of  sulphurous  acid  gas ;  the 
binoxide  becomes  ptotoxide,  half  its  oxygen  converting  the  sulphurous 
acid  into  hyposulphuricf  The  hyposulphate  of  manganese  thus  pre- 
pared is  decomposed  by  a  solution  of  pure  hydrate  of  baryta,  and  the 
liarytic  salt^  in  turn,  by  enough  sulphuric  add  to  precipitate  the  base. 
The  solution  of  hyposulphuric  add  may  be  concentrated  by  evaptnra- 
tion  tn  vacuo,  until  it  acquires  a  density  of  1  *  347 ;  pushed  further,  it 
decomposes  into  sulphuric  and  sulphurous  acids.  It  has  no  odour,  is 
very  sour,  and  forms  soluble  salts  with  baryta,  lime,  and  protoxide  of 
lead. 

Sulphur$Hed  Hypomlphurio  Add;  TrUhiorMi  Acid. — A  substanoe 
ttcdden tally  formed  by  M.  Laogloi»,i  in  the  preparation  of  hyposul- 
phite of  potassa,  by  gently  heating  with  sulphur  a  solution  of  carbonate 
of  potassa,  saturated  with  sulphurous  add.  The  salts  bear  a  great 
resemblance  to  those  of  hyposulphurous  add,  but  differ  completely  in 
composition,  while  the  acid  itself  is  not  quite  so  prone  to  change.  It 
is  obtained  by  decomposing  the  potassa  salt  by  hydrofiuosilicic  add:  it 
may  be  concentrated  under  the  receiver  of  the  air-pump,  but  is  grada- 
ally  decomposed  iuto  sulphur,  sulphurous  and  sulphuric  acids. 

•  KO.SOt  4-  8       =      KO.SjOg 

^Iphite  of  potassa.  Sulphur.  llyposulphlte  of  poui&MU 

t  MnOg  -f  2SO2  =  MnO,  S2OC 

^oxlde  of  mamfanese.      ^Iphurous  add.      llyposulphaie  of  manganese. 
X  Aon.  Chim.  et  lilgrs^  3rd  seriiBS,  iv.  77. 
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Bisfilphuretfed  Hyposulphunc  Acid;  Tetraihumic  Add. — This  was 
discovered  by  MM.  Foixios  and  Gelis.*  When  iodine  is  added  to  a 
sdation  of  hyposulphite  of  soda,  a  large  quantity  of  that  substance  is 
duBoIred,  and  a  clear  colourless  solution  obtained,  which,  besides  iodide 
of  sodium,  contains  a  salt  pf  a  peculiar,  acid,  richer  in  sulphur  than  the 
preceding.  By  suitable  means,  the  new  substance  can  be  eliminated, 
and  obtained  in  a  state  of  solution.  It  very  closely  resttnbles  hyposul- 
pfaoric  add.  The  same  add  is  produced  by  the  action  of  sulphurous 
add  on  toihchloride  of  sulphur. 

Trisulphuretted  ffyposulpkttric  Acid;  Pentathionic  Acid. — Another 
acid  of  sulphur  has  been  announced  by  M.  Wackenroder,  who  formed 
it  by  the  action  of  sulphuretted  hydrogen  on  sulphurous  acid.  It 
is  described  as  i^Iourless  and  inodorous^  of  acid  and  bitter  taste, 
and  capable  of  being  concentrated  to  a  considerable  eitent  by  cautious 
eTapomtion. 

Under  the  influence  of  heat,  it  is  decomposed  into  sulphur,  sul- 
phurous and  sulphuric  acids,  and  sulphuretted  hydrogen.  The  salts  of 
pentatUonic  acid  are  nearly  all  soluble.  The  baiyta  salt  crystallizes 
from  alcohol  in  square  prisms.  The  add  is  also  tbrmed  when  hypo- 
sulphate  of  lead  is  decomposed  by  sulphuretted  hydrogen,  and  when 
protochloride  of  sulphur  is  heated  with  sulphurous  acid. 

Sulphurous  acid  unites,  under  peculiar  drcumstances,  with  chlorine, 
and  also  with  iodine,  forming  compounds,  which  have  been  called 
chloro>  and  iodo^ulphuric  ad<ls.  They  are  decomposed  by  water.  It 
also  combines  with  dry  ammoniacal  gas,  giving  rise  to  a  remarkable 
compound ;  and  with  nitric  oxide  also,  in  pi*esenoe  of  an  alkali. 


8ELKNU7U. 

This  is  a  very  rare  substance,  much  i^esembling  sulphur  in  its  che- 
mical relations,  and  found  in  association  with  that  element  iu  some  few 
localities,  or  repladng  it  in  certain  metallic  combinations,  as  in  the 
selenide  of  lead  of  Clausthal,  in  the  Hartz. 

Selenium  is  a  reddish-brown  solid  body,  somewhat  translucent,  and 
baring  an  impei'fect  metallic  lustre.  Ito  specific  gravity,  when  rapidly 
cooled  at\er  fusion,  is  4*3.  At  212°  (100°C;,or  a  little  above,  it 
melts,  and  at  6b(f  (343^*30)  boils.  It  is  insoluble  in  water,  and 
exhales,  when  heated  in  the  air,  a  peculiar  and  disagi-eeable  odour, 
which  has  been  compared  to  that  of  decaying  horse  radish  :  it  is  inso- 
luble in  alcohol,  but  slightly  dissolves  in  bisulphide  of  carbon,  from 
which  solution  it  crystallizes.  There  are  three  oxides  of  selenium, 
two  of  which  correspond  reiipectively  to  sulphurous  and  sulphuric  adds, 
while  the  third  has  no  known  analogue  in  the  sulphur-sei'ies. 

•  Aon.  Chlm.  et  Fhys.,  3rd  series^  vi.  454* 
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GoDipositlon  by  weight. 


* 


^^ ^ 


Selenium.  Oxygen. 

Oxido  of  Selenium     .         .         .         .         39 '  5  8 

Selenons  acid        .          .          .          .              39*5  16 

Selenic  acid     .          .                   .         .         39  *  5  24 

Oxide, — Formed  by  heating  selenium  in  the  air.  It  is  a  colourless 
gas  sitghtly  soluble  in  water,  and  has  the  remarkable  odour  abore 
desciibed.     It  has  do  acid  properties. 

Seienous  Acid. — This  is  obtained  by  dissolving  selenium  in  nitric 
acid,  and  evaporating  to  dryness.  It  is  a  white,  soluble,  deliquescent 
substance,  of  distinctly  acid  properties,  and  may  be  sublimed  without 
decomposition.  Sulphurous  acid  decomposes  it,  precipitating  the 
selenium. 

Selenic  Add. — Prepared  by  fusing  nitrate  of  potassa  or  soda  with 
selenium,  precipitating  the  selenate  so  produced  by  a  salt  of  lead,  and 
then  decomposing  the  compound  by  sulphuretted  hydrogen.  The 
hydrated  acid  strongly  resembles  oil  of  Titri<J  ;  but,  when  very  much 
concentrated,  decomposes,  by  the  application  of  heat,  into  seienous  acid 
and  oxygen.  The  selenates  bear  the  closest  analogy  to  the  sulphates 
in  almost  eveiy  particular.  They  aie  deoum posed  by  boiling  with 
hydrochloric  acid,  chlorine  being  evolved  and  a  salt  of  seienous  acid 
being  pi-oduced. 

PHOSPHORUS. 

Phosphorus  in  the  state  of  phosphoric  acid  is  contained  in  ihe  ancient 
unstratifiecl  rocks,  and  in  the  lavas  of  modem  origin.  As  these  disin- 
t^nte  and  crumble  down  into  fertile  soil,  the  phosphates  pass  into  the 
organism  of  plants,  and  ultimately  into  the  bodies  of  tlie  animals  to 
which  these  latter  serve  for  food.  The  earthy  phosphates  play  a  very 
Important  part  in  tiie  structure  of  the  animal  frame,  by  communicating 
stiHbess  and  inflexibility  to  the  bony  skeleton. 

This  element  was  discovered  in  1669  by  Brandt,  of  Hamburg,  who 
prepared  it  from  urine.  The  following  is  an  outline  of  the  process  now 
adopted.  Thoroughly-calcineJ  bones  are  reduced  to  powder,  and  mixed 
vniih  two-thirds  of  their  weight  of  sulphuiic  acid  diluted  with  a  con- 
siderable quantity  of  water:  this  mixture,  atter  standing  some  hours, 
is  filtered,  and  the  nearly  insoluble  sulphate  of  lime  washed.  The 
liquid  is  then  evaporated  to  a  syrupy  coubistenoe,  mixed  with  charcoal 
powder,  and  the  desiccation  completed  in  an  iron  vessel  exposed  to  a 
high  temperature.  When  quite  dry  it  is  transferred  to  a  stoneware 
I'etort,  to  which  a  wide  bent  tube  is  luted,  dipping  a  little  way  into  the 

*  In  symbols — 

Oxide  of  Selenium      ....  SeO(jf) 

Seienous  nctd SeOg 

Selenloacid       .  ...  SeO^ 
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water  contained  in  the  receiver.  A  narrow  tube  sen'cs  to  give  issue  to 
the  gaB<«,  which  are  conveyed  to  a  chimnej.  This  manufacture  is 
now  conducted  on  a  very  large  scale,  the 
oonsomption  of  phosphorits,  for  the 
apparently  trifling  article  of  instantaneous- 
light  matches,  beipg  somethmg  prodi- 
gioos. 

Phovphoms,  |rhen  pare,  veiy  mnch  re-  ' 
sembles  in  appearance  imperfectly  bleached 
wax,  and  is  soft  and  flexible  at  common 
temperatures.  Its  density  is  1 '  77,  and 
that  of  its  vapour  4*35,  air  being  unity. 
At  108°  (42° -20)  it  melts,  anO  at  550° 
(287°-  7C)  boils.  On  slowly  cooling  melted 
phosphorus,  sometimes  well-tbrmed  dode- 
cahedra  are  obtained.  It  is  insoluble  in 
water,  and  is  usually  kept  immersed  in 
that  liquid,  but  dissolves  in  oils,  in  native 
naphtha,  and  especially  in  bisulphide  of 
carbon.  When  tet  on  Are  in  the  air,  it 
burns  with  a  bright  flame,  generating  phosphoric  acid.  Phofiplioms  is 
exceedingly  inflammable ;  it  sometimes  takes  Are  by  the  heat  of  the  hand, 
and  demands  great  care  in  its  management ;  a  blow  or  hard  rub  will  very 
often  kindle  it.  A  stick  of  phosphorus  held  in  the  air  always  appeals 
to  emit  a  whitish  smoke,  which  in  the  dark  is  luminous.  This  eli'ect  Is 
chiefly  due  to  a  slow  combustion  which  the  phosphorus  undergoes  by 
the  oxygen  of  the  air,  and  upon  it  depends  one  of  the  methods  employed 
ibr  the  analysis  of  the  atmosphere,  as  already  described.  It  is  singular 
that  the  slow  oxidation  of  phosphorus  may  be  entirely  prevented  by  the 
presence  of  a  small  quantity  of  oletiant  gas,  or  the  vapour  of  ether,  or 
some  essential  oil;  it  may  even  be  distilled  in  an  atmosphere  con- 
taining vapour  of  oil  of  turpentine  in  considerable  quantity,  ^'either 
does  Uie  action  go  on  in  pure  oxygen,  at  least  at  the  temperature  of 
60°  (15°*  5C),  which  is  very  remarkable;  but  if  the  gns  be  rarefled,  or 
diluted  with  nitrogen,  hydrogen,  or  carbonic  acid,  oxidation  is  set  up. 

A  very  renoarkable  modification  of  this  element  is  known  by  the 
name  of  amorphous  phosphorus.  It  was  discovered  by  Schrotter,  and 
may  be  made  by  exposing  for  flf^y  hours  common  phosphorus  to  a  tem- 
perature of  firoro  464°  to  482°  (240°  to  250°C)  in  an  atmosphere  which 
is  unable  to  act  chemically  upon  it.  At  thia  temperature  it  becomes 
red  and  opaque,  and  insoluble  in  bisulphide  of  carbon,  whereby  it  may 
be  separated  from  ordinary  phosphorus.  It  may  !«  obtained  in  compact 
masses  when  conunon  phosphorus  is  kept  for  eight  days  at  a  constant 
high  temperature.  It  is  a  coherent,  reddish-brown,  infusible  substance, 
of  spedtic  gravity  between  2*089  and  2*106.  It  does  not  become 
luminous  in  the  dark  until  its  temperature  is  raised  to  about 
392^  (200^C),  nor  has  it  any  tendency  to  combine  with  the  oxygen  of 
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the  air.    When  heated  to  500^  (260°C),  it  is  noonverted  into  ordinaiy 
phosphoiTis. 

Compounds  of  Phosfhomu  and  Ox^fgen, — These  are  three  in  number, 
and  have  the  composition  indicated  below : — 

ComposlUoD  by  wei^t. 

^osphurus.  Ozj'gen. 

Hypophosphorons  acid.         •         ,         .          31  8 

Phosphorous  acid    •          .          .          .          .31  24 

Phosphoric  acid*          ....          31  40 

Oxide  of  Phosphorm. — When  pho^pliorus  is  melted  beneath  the 
sarlace  of  hot  water,  and  a  stream  of  oxygen  gas  forced  upon  it  from  a 
bladder,  Combustion  ensues,  and  the  phosphorus  is  convei-ted  in  great 
]iart  into  a  brick-red  ^lowder,  which  was  formerly  believed  to  be  a 
peculiar  oxide  of  phosphorus.  Schrotter  has  shown  that  it  is  a  mixture, 
consisting  chiefly  of  amorphous  phosphorus. 

Hypophosphorom  Acid. — When  phosphorus  is  boiled  with  a  solution 
of  potasssa  or  baryta,  water  is  decomposed,  giving  rise  to  phosphoretted 
hydrogen,  phosphoric  acid,  and  hypophosphorous  acid,  which  combine 
with  the  baryta ;  the  first  escapes  as  gas,  and  the  two  acids  remain  in 
union  with  the  baryta. f  By  filtration  the  soluble  hypophoKphite  is 
separated  from  the  insoluble  phosphate.  On  adding  to  the  liquid  the 
quantity  of  sulphuric  acid  necessary  to  precipitate  the  base,  the  hypo- 
phosphorous  add  is  obtained  in  solution.  By  evaporation  it  may  be 
reduced  to  a  syrupy  consistence.  The  acid,  which  is  not  known  in  the 
anhydrous  state,  is  very  prone  to  absorb  more  oxygen,  and  is  there- 
fore a  powerful  deoxidizing  agent.     All  its  salts  are  soluble  in  water. 

Phosphorous  Acid, — Phosphorous  acid  is  formed  by  the  slow  com* 
bustion  of  phospliorus  in  the  atmosphere;  or  by  burning  that  sub- 
stance by  means  of  a  very  limited  supply  of  dry  air,  in  whidi  case  it  ia 
anhydrous,  and  presents  the  aspect  of  a  white  powder.  The  hydrated 
acid  is  most  conveniently  prepared  by  adding  water  to  the  terchloride 
of  phosphorus,  when  mutual  decomposition  tiikes  place,  the  oxygen  of 
the  watei'  being  transfened  to  the  phosphorus,  generating  phosphorous 
acid,  and  its  hydi-ogen  to  the  chlorine,  giving  rise  to  hydi'ochloric 
acid.4;  By  evaporating  the  solution  to  the  consistence  of  syrup,  the 
hydrochloric  acid  is  expelled,  and  the  residue  on  cooling  crystallizes. 

Hydrated  phosphorus  add  is  very  deliquescent  and  very  prone  to 

*  In  Bjmbols — 

HypophospboroQs add      .  .    P0(?) 

PbosphorouB  add    .       .       .       .       P  0^ 
Phosphoric  acid  .       .       .    P  Oa 

t    _4P      +      3(BaO.HO)  +   «H0  =  3(lk0.2HO.PO)     +        PHj 

Phosphorus.       Hydrate       Water.       Hypophosphlte       Pho^horetted 
ofbaryu.  ofbaryUu  hydrogen. 

:  PClj        +      _6H0         =r         3HO.POs  +  3HCI 

Terdiloride         ^Vater.  Hydrated  Hydrodiloric 

orphoi^onis.  .   phosphorous  acid,  add.  . 
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attnct  (nygen  and  ptisB  into  phosphoric  add.  When  iieBted  in  a 
d«se  Tcsael,  it  is  reBoUed  into  hjdreted  phoqihoric  acid  and  pure 
l^osphcnretted  hydrogen  gas.  It  is  composed  of  55  ports  of  real  acid 
aud  27  parts  of  water.* 

The  phosphites  are  of  littie  importance. 

Fhotphoric  Acid, — When  phosphorus  is  bnmed  under  a  bell-jar  by 
the  aid  of  a  copious  supply  of  dry  air,  snow-like  anhydrous  phos))horio 
acid  Is  produced  in  great  quantity.  This  snbstanoe  exhibits  as  much 
attnction  for  water  as  anhydrous  sulphuric  acid :  exposed  to  the  air 
for  a  fisw  moments  it  deliquesces  to  a  liquid,  and  when  thrown  into 
water,  combines  with  the  latter  with  ezplotfive  violence.  Once  in  the 
state  of  hydrate  the  water  cannot  i^n  be  separated. 

When  nitric  add  of  moderate  strength  is  heated  in  a  retort  to  whidi 
a  receirer  is  connected,  ^d  fi-agments  of  phosphorus  addel  singly, 
taking  care  to  suffer  the  violence  of  the  action  to  subside  between  each 
additt<xi,  the  phosphorus  is  oxidized  to  its  maximum,  and  converted 
into  phosphoric  acid.  By  distilling  off  the  greater  part  of  the  add, 
transferring  the  residue  in  the  retort  to  a  platinum  vessel,  and  then 
cautiously  raising  the  heat  to  redness,  the  hydrated  acid  may  be 
obtained  pure.  This  is  the  glacial  phosphoric  acid  of  the  Pharmacopoeia. 
A  third  method  consists  in  taking  tlie  acid  phosphate  of  lime  pro* 
duoed  by  the  action  of  sulphuric  add  on  bone-earth,  precipitating  it 
with  a  slight  excess  of  carbonate  of  ammonia,  separating  by  a  filter 
the  insoluble  lime-ialt,  and  then  evaporating  and  igniting  in  a  plati- 
nnm  vessel  the  mixed  phosphate  and  sulphate  of  ammonia.  Hydrated 
l^oephoric  acid  alone  remains  behind.  The  acid  thus  obtained  is 
not  remarkable  for  its  purity.  One  of  the  most  advantageous  methods 
of  preparing  phosphoric  add  on  the  large  scale  in  a  state  of  purity  is 
to  bom  phosphorus  )n  a  stream  of  dry  atmospheric  air,  by  the  aid  of 
a  proper  apparatus,  not  difficult  to  contrive,  in  which  the  process 
may  be  carried  on  continuously.  The  anhydrous  acid  obtained  may 
be  pie>erved  in  that  state,  or  converted  into  hydrate  or  glacial  acid, 
by  the  addition  of  water  suid  subsequent  fusion  in  a  platinum  vessel. 
The  hydrate  of  phosphoric  add  is  exceedingly  deliquescent,  and  requires 
to  be  kept  in  a  closely-stopped  bottle.  It  contains  71  parts  of  real 
add,  and  9  pai-ts  of  water.f 

Anhydrous  phosphoric  add  is  readily  volatilised,  and  may  be  sub- 
limed by  the  heat  of  an  ordinary  spirit  lamp.  The  hydrated  acid  may 
be  fused  in  a  pbtinum  crucible  at  a  red  heat ;  at  this  temperature  it 
evolves  considerable  quantities  of  vapour,  but  is  still  far  from  its  boil- 
ing point.  Phosphoric  acid  is  a  very  poweiful  acid :  being  less  volatile 
than  sulphuric  add  it  expels  the  latter  at  higher  temperatures,  although 
it  is  displaced  by  sulphuric  acid  at  the  common  temperatui-e. 

Phosphoric  add  is  a  powerful  add ;  its  solution  has  an  intensely 
soar  taste,  and  reddens  litmus-paper ;  it  is  not  poisonous. 
The  best  reagent  for  the  detection  of  phosphoric  acid  is  molybdate 
*.0r,3H0J^.  fHCPOa. 
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of  ammonia.  A  solatfon  of  molybdate  of  ammonia  is  treated  with 
hydrochloric  or  nitric  acid  until  the  precipitate  at  Arst  formed  is  r&- 
dissolved.  A  very  sninll  quantity  of  the  liquid  to  be  tested  for  phos- 
phoric acid  is  then  added  to  this  solution.  If  phosphoric  acid  be 
present,  the  liquid  becomes  yellow,  and  a  yellow  deposit  oonisisting  ot 
molybdic  acid,  phosphoric  acid,  and  ammonia  is  formed,  even  if  the 
quantity  of  phosphoric  add  be  very  small. 

Thei-e  are  few  bodies  that  present  a  greater  degree  of  interest  to  the 
chemist  than  this  substance:  the  extraordinary  changes  its  com* 
pounds  undergo  by  the  action  of  heat,  chiefly  made  known  to  us  hy 
the  admirable  researches  of  Prof.  Graham,  will  be  found  described 
iu  connexion  with  the  general  history  of  saline  comiiounds. 

CHLORINE. 

This  substance  is  a  member  of  a  small  natural  group  containing  be- 
sides iodine,  bromine,  and  fluorine.  So  great  a  degree  of  resemblance 
exists  between  these  bodies  in  all  their  chemical  relations,  especially 
between  chlorine,  bromine,  and  iodine,  that  the  history  of  one  will 
almost  serve,  with  a  tew  little  alterations,  for  that  of  the  rest. 

Chlorine*  is  a  very  abundant  substance:  in  common  salt  it  exists 
lu  combination  with  sodium.     It  is  most  easily  prepared  by  pouring 
strong  liquid  hydrochloric  acid  upon  finely-powdered  black  oxide  of 
manganese,  contained  in  a  retoK  or  flask,  and  applying  a  gentle  heat ; 
a  heavy  yellow  gas  is  disengaged,  which  is  the  substance  in  question. 

it  may  be  collected  over  warm  water,  or  by  displacement:  the 
mercurial  trough  cannot  be  employed,  as  the  dilorine  rapidly  acts 
upon  the  metal,  and  becomes  absorbed. 

The  reaction  is  very  easily  explained.  Hydrochloric  acid  is  a  com- 
pound of  chlorine  and  hydrogen :  when  this  is  n?ixed  with  a  metallic 
protoxide,  double  interchange  of  elements  takes  place,  water  and  chlo- 
ride of  the  metal  being  produced.  But  when  some  of  the  binoxides 
are  substituted,  an  additional  effect  ensues — ^namely,  the  decomposiUou 
of  a  second  portion  of  hydrochloric  acid  by  the  oxygen  in  excess,  the 
hydrogen  of  which  is  withdrawn  and  the  chlorine  set  free. 

Hydrochloric  (  Chlorine Chlorine. 

acid.       \  Hydrogen  ^      Water, 


^^ri«.t« A  \  Manga^se  -5^     Chloride  of  maoga< 

manganese  j  Oxygen^,^^^^^^^,,....--^  nese. 

Hydrochloric  (  Chlorine  .*-^^*[]^*"**.^^.^^^^ 

acid         \  Hydrogen  ^'''''''*--—     Water.f 

*  FVom  yAwp6f,  yellowish-green,  the  name  given  to  it  by  Sir  H.  Davy, 
t      Mn02        •»-        2HCI  •      =        CI        +         Mng        +    2H0 

Blnoxldeof       Hydrochloric       Chlorine.       Proiocfalorjde       Water, 
manganesoi  add.  qf  mangsnese. 


CBLORIKB. 


17U 


Fig.  115. 


Chlorine  was  discovered  by  Scheele  in  1774,  but  its  nature  was  long 

■usanderstood.     It  is  a  yellow  gaseous  body,  of  intolerably  sufibcating 

properties^  producing  very  violent  cough  and 

vritatioa    isrhen  inhaled  even   in  exceedingly 

■Ball  quantity.     It  is  soluble  to  a  considerable 

fxtent  ID  water,  that  liquid  absorbing  at  60° 

(15^'5C)  aboot  twice  its  volume,  and  acquiring 

tbe  colour  and  odour  of  the  gas.     When  this 

lointioQ  is  exposed  to  light,  it  is  slowly  changed 

bj  deconaposition  of  water    into   hydrochloric 

a»i,  the  oxygen  being  at  the  same  time  libe- 

raXed.     When  moist  chlorine  gas  is  exposed  to 

a  cold  of  32**  (0°C),  yellow  ciystals  are  formed, 

which  consiJst  of  a  definite  compound  of  chlo< 

rine  and  water,  containing  35*5  parts  of  the 

fbrmer  to  90  of  the  latter. 

Chlorine  has  a  specific  gravity  of  2*47,  100 

coIhc  iuches  weighing  76*6  groins.     Exposed 

to  a  pressure  of  about  four  atmospheres,  it 

osodenses  to  a  yellow  limpid  liquid. 

This  substance  has  but  little  attraction  for 

oxygen,  its  chemical  energies  being  principiilly 

exited   towards  hydrogen  and    the    metals. 

When  a  lighted  taper  is  plunged  into  the  gas, 

it  continues  to  bom  with  a  dull-red  light,  and 

emits  a  large  quantity  of  smoke,  the  hydrogen 

of  the  wax  being  alone  consumed,  and  the  car- 
bon separated.  If  a  piece  of  paper  be  wetted  with  oil  of  turpentine, 
and  thrust  into  a  bottle  filled  with  chlorine,  the  chemical  action  of  the 
latter  upon  the  hydrogen  is  so  violent  as  to  cause  inflammation,  accom- 
panied by  a  copious  deposit  of  soot.  Although  chlorine  can,  by  indi- 
reet  mean^,  be  made  to  «)mbine  with  carbon,  yet  this  never  occurs 
under  the  circumstances  described. 

Phosphorus  takes  fire  spontaneously  in  chlorine ;  it  burns  with  a 
pale  sai  feebly-luminous  flame.  Several  of  the  metals,  as  copfier 
leaf,  powdered  antimony,  and  arsenic,  undergo  combustion  in  the  same 
manner.  A  mixture  of  equal  measures  of  chlorine  and  hydrogen  ex- 
plodes with  violence  on  the  passage  of  an  electric  spark,  or  on  the 
application  of  a  lighted  taper,  hydrochloric  acid  gas  being  formed. 
Such  a  mixture  may  be  retained  in  the  dark  for  any  length  of  time 
without  change:  exp(»ed  to  diffuse  daylight,  the  two  gnses  slowly 
unite,  while  the  direct  rays  of  the  sun  iutluce  instantaneous  explosion. 
The  most  characteristic  propeily  of  chlorine  is  its  bleaching  power ; 
the  most  stable  oipinic  colouring  principles  are  instantly  decomposed 
and  destroyed  by  this  remarkable  agent :  indigo,  for  example,  which 
resists  the  action  of  strong  oil  of  vitriol,  is  converted  by  chlorine  into 
a  brownish  substance,  to  which  the  blue  colour  cannot  be  restored. 
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The  presence  ot  water  is  essential  to  these  changes,  for  the  gas  in  a 
state  of  perfect  dryness  is  inci4»ble  of  even  affecting  litmus. 

Chlorine  is  largely  used  in  the  arts  for  bleaching  linen  and  cotton 
goods,  rags  for  the  manufiK*ture  of  paper,  &c.  For  these  purpooes  it 
is  sometiuies  employed  in  the  state  of  gas,  sometimes  in  that  of  sola- 
tion  in  water,  but  more  frequently  in  combination  with  lime,  foi-ming 
the  substance  called  bleaching-powder.  When  required  in  large  quan- 
tities it  is  often  made  by  pouring  slightly-diluted  oil  of  vitriol  upon 
a  mixture  of  common  salt  and  oxide  of  manganese  contained  in  a 
large  leaden  yessel.  The  decomposition  which  ensues  may  be  thos  re- 
presented :— > 

Chloride  of       (  Chlorine Chlorine. 

sodium         \  Sodium 
Sulphuric  acid  ■         Sulph.  of  soda. 

Oxygen 
'    Protoxide  of 

manganese  ^^___^^       J  Sulphate  of 
Sulphuric  acid  ""^  \ manganese* 


Binoxide  of 
manganese 


Chlorine  is  one  of  the  best  and  most  potent  substances  that  can  be 
used  for  the  purpose  of  disinfection,  but  its  employment  requires  care. 
Bleaching-powder  mixed  with  water,  and  exposed  to  the  air  in  shallow 
vessels,  becomes  slowly  decomposed  by  the  carbonic  acid  of  the  atmo- 
sphere, and  the  chlorine  is  evolved:  if  a  more  rapid  disengagement  be 
wished,  a  little  acid  of  any  kind  may  be  added.  In  the  absence  of 
bleaching-powder,  either  of  the  methods  for  the  production  of  the  gas 
described  may  be  had  recourse  to,  always  taking  care  to  avoid  an  excess 
of  acid. 

Chloride  of  Hydrogen;  Hydrochloric,  Chlorhydrtc  or  MuriaiiG 
Acid* — This  substance,  in  a  state  of  solution  in  water,  has  been  long 
known.  The  gas  is  prepared  with  the  utmost  ease  by  heating  in  a 
flask,  fitted  with  a  coik  and  bent  tube,  a  mixture  of  common  salt  and 
oil  of  vitiiol,  diluted  witli  a  small  quantity  of  water ;  it  must  be  col- 
lected by  displacement,  or  over  mercury.  It  is  a  colourless  gas,  which 
fumes  strongly  in  the  air  from  condensing  the  atmofipheric  moisture  « 
it  has  an  add,  suffocating  odour,  but  is  infinitely  less  offensive  than 
dilorine.     Exposed  to  a  pressure  of  40  atmospheres  it  liquefies. 

Hydrodiloric  acid  gas  has  a  density  of  1*269.  It  is  exceedingly 
soluble  in  water,  that  liquid  taking  up  at  the  temperature  of  the 
air  about  418  times  its  bulk.  The  gas  and  solution  are  powerfully 
add. 

•  NaCl  4-  MnOj  +  2(HO.S03)  =  CI  +  NaOjSOs  -f- MnOSOj,  -I-  2H0 

Chloride    Iflnoxide    Sulphuric^  Chlorine.    Sulphate    Sulphate  of   Water, 
of  sodium,  of  manga-     acid.  of  tMXla.     manganese, 

nese. 
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nit,  ar  anj  tumlegaua  tub- 
Hfdrochlotk 


,»y  be  dBt*rniined  by  sfnlhwii ; 
tnd  a  mwBure  of  hjdrogen  arc  fired  bj 
1  of  hydrochloric  scid  gas  result,  the 

„  by  change  of  volume.     Uj  Wright  it 

ceBluni  35-5  psrla  of  chlorine  and  1  jjart  of  hydrogen. 

Solotioa  of  hydrochloric  acid,  the  liquid  Mid  ot  commerce,  is  »  rery 
imiiortaDt  preparation,  and  of  eiteuii™  u»e  in  chemicai  pursuit* ;  it  it 
bat  piepanal  by  Ihe  lolluwing  arrangement ; — 


Solrhnrto  HjdiDchlortc  Snlptaia 
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A  large  glass  fla&k,  containing  a  qaantity  of  common  salt,  is  fitted 
with  a  coric  aud  bent  tube,  in  the  manner  represented  in  fig.  116:  tfaie 
latter  passes  through  and  below  a  second  short  tube  into  a  wide-necked 
bottle,  containing  a  little  water,  into  which  the  open  tube  dips.  *  .A. 
bent  tube  is  adapted  to  another  hole  in  the  cork  of  the  wash-licttle  so 
as  to  convey  the  puriBcd  gas  into  a  quantity  of  distiHed  -water,  bjr 
which  it  is  instantly  ab<«orbed :  the  joints  are  made  air-tight  by  meltin^^ 
.over  the  corks  a  little  yellow  wax. 

A  quantity  of  oil  of  vitriol,  about  equal  in  weight  to  the  salt,  is  then 
slowly  introduced  by  the  funnel ;  the  disengaged  gas  is  at  first  wholly 
absorbed  by  the  water  in  the  wash-bottle,  but  when  this  becomes 
saturatod,  it  passes  into  the  second  vessel  and  there  dissolves.  When  all 
the  acid  has  been  added,  heat  may  be  applied  to  the  flask  by  a  charcoal 
chauffer,  until  its  contents  appear  nearly  dry,  and  the  evolution  of  gas 
almost  ceases^  when  the  process  may  be  stopped.  As  much  heat  is 
given  out  during  the  condensation  of  the  gas,  it  is  necessary  to  surround 
the  condensing-vessel  with  cold  water. 

The  simple  wflsh-bottle  figured  in  the  drawing  will  be  fonnd  an  ex- 
ceedingly useful  contrivance  in  a  great  number  of  chemical  o^ierations* 
It  server  in  the  present,  and  in  many  similar  cases,  to  i*0tain  any  liquid 
or  solid  matter  mechanically  carried  over  with  the  gas,  and  it  may  be 
always  employed  when  a  gas  of  any  kind  is  to  be  passed  through  an 
alkaline  or  other  solution.  The  open  tube  dipping  into  the  liquid 
prevents  the  possibility  of  absoiption,  by  which  a  partial  vacuum  would 
be  occasioned,  and  the  liquid  of  the  second  vessel  lost  by  being  driven 
into  the  first. 

The  arrangement  jby  which  the  acid  is  introiJuced  also  deserves  a 
moment's  notice.  The  tube  is  beut  twice  upon  itself,  and  a 
Fig.  117.  bulb  blown  in  oue  portion,  the  liquid  poured  into  the  funnel 
n  rises  upon  the  opposite  side  of  the  first  bend  until  it  reaches 
^  the  second  \  it  then  flows  over  and  runs  into  the  Hask.  Any 
quantity  can  then  be  got  into  the  latter  without  the  introduo- 
tioii  of  air,  and  without  the  escape  of  gas  from  the  interior. 
The  funnel  acts  also  as  a  kind  of  safety-valve,  and  in  both 
directions;  for  if  by  any  cliance  the  delivery-tube  should  be 
stopped,  and  the  issue  of  gas  prevented,  its  increased  elastic 
force  soon  drives  tiie  little  column  of  liquid  out  of  the  tube, 
the  gas  escapes,  and  the  vessel  is  saved.  On  the  other  hand, 
any  absorption  within  is  quickly  compensated  by  the  entrance 
of  air  through  the  liquid  in  the  bulb.  The  plan  employed  on 
the  large  scale  by  the  manufacturer  is  the  same  in  principle  as 
that  described ;  he  merely  substitutes  a  lai^  iron  cylinder,  or 
apparatus  made  of  lead,  for  the  flask,  and  vessels  of  stoneware 
for  those  of  glass. 

On  distilling  an  aqueous  solution  of  hydrochloric  add^  an 
acid  is  produced  boiling  at  230*^  F  (llO^C)  which  contains 
20  *  22  per  cent  of  anhydrous  hydrochloric  acid :  a  more  concentrated 
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fobtioD  when  heated  disengages  hydrochloric  add  gas ;  a  weaker  sola- 
boo  los»  water.  Roscoe  and  Dittmar  have  proved  that  tlie  com- 
positioa  of  the  distillate  varies  with  the  atmospheric  pressare;  it  can* 
Dot,  therefore,  be  viewed  as  a  chemical  compound. 

Pore  solution  of  hydrochloric  add  in  transparent  and  colourless: 
when  strong  it  fumes  in  the  air  by  disengaging  a  little  gai.  It  leaves 
BO  residue  on  evaporation,  and  gives  no  precipitate  or  opacity  with 
^Qted  solution  of  chloride  of  barium.  When  saturated  with  the  gas, 
it  has  a  specttic  gravity  of  1*21,  and  contains  about  42  per  cent,  of 
Ril  add.  The  commerdal  add,  which  is  obtained  in  immense  quantit7 
as  a  aeoondarr  product  in  the  manufacture  of  sulphate  of  soda,  by  the 
action  of  sulphuric  acid  upon  common  salt,  has  nsually  a  yellow  colour, 
aad  is  very  impure,  containing  salts,  sulphuric  acid,  chloride  of  iron, 
and  organic  matter.  It  may  be  rendered  suiTiciently  pure  for  most 
porpoaes  by  diluting  it  to  the  density  of  1*1,  which  happens  when  the 
stroog  add  is  mixed  with  its  own  bulk  or  rather  lesit  of  water,  and  then 
^UstilJlng  it  in  a  retort  furnished  with  a  Liehig's  condenser. 

A  mixture  of  nitric  and  hydrochloric  acids  has  long-  been  known 
imder  the  name  of  aq^ut  regia,  from  its  property  of  dissolving  gold* 
When  these  two  substances  are  heated  together,  they  both  undergo 
tJecomposition,  hjponitric  add  and  chlorine  being  evolved.  This  at 
least  appears  to  be  the  final  result  of  the  action :  at  a  certain  stage, 
Wever,  two  peculiar  substances,  consisting  of  nitrogen,  oxygen,  and 
dilorine  (chlorohyponiiric  acid*"  and  chloronitrous  acidt)f  appear  to  be 
fi^noed.    It  is  only  the  chlorine  which  attacks  the  metal. 

The  presence  of  hydrochloric  acid,  or  any  other  soluble  chloride,  is 
««ly  detected  by  solution  of  nitrate  of  silver.  A  white  curdy  pre- 
cipitate is  produced,  insoluble  in  nitric  scid  ;  freely  soluble  in  ammonia, 
>Dd  subject  to  blacken  by  exposure  to  light. 

Compottnda  of  Chlorine  and  Oxygen, 

Although  these  bodies  never  corhbine  directly,  they  may  be  made  to 
Quite  by  circuitous  means  in  five  different  pi  opurtions,  as  below : — 

Composition  by  weight. 

Chlorine.  Oxygen. 

Hypochlorous  add S.'i'S  8 

Chjorotis  acid       .         .         .        .         .         35*5  24 

Hypochloric  add 35  5  32 

Chloric  acid 35  *  5  40 

Perchloric  acid  t 35-5  66 

•  NOaClj.  t  NOaQ 

X  Hypochlorous  ackl       .       •     •.       .       .CIO 

Chtoronsadd ClOs 

Hypochloric  add  .       .  ...    CIO4 

Chloric  add C10« 

Berdiloric  add CIO7 
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Hypochlorous  nnd  chloric  acicU  are  generated  by  the  action  of  chlorine 
on  certain  metallic  oxides ;  the  former  in  the  cold,  the  Utter  at  a  high 
temperature.  Chlorous,  hypochloric^  and  perchloric  acids  result  from 
the  decomposition  of  chloric  acid. 

.  ffypocfUorous  Acid. — This  is  best  prepared  hy  the  action  of  chlorine 
gas  upon  red  oxide  of  mercury.  It  is  a  pale-yellovr  gaseous  body^ 
containing,  in  erery  two  measures,  two  measures  of  chlorine  and  one 
of  oxygen.  It  is  very  freely  soluble  in  water,  and  explodes,  although 
with  no  great  violence,  by  slight  elevation  of  temperature.  The  odour 
of  this  gas  is  peculiar,  and  but  remotely  resembles  that  of  chlorine.  It 
bleaches  powerfully,  and  acts  upon  certain  of  the  metals  in  a  manner 
which  is  determined  by  their  i-espective  attractions  for  oxygen  and 
chlorine.     It  forms  with  the  alkalis  a  series  of  bleaching  salts. 

The  preparations  caUed  dikride  oft  or  cMorinatedf  lime  and  &)da^ 
contain  hypochlorous  acid.  A  description  of  thoM  will  be  found  under 
the  head  of  Salts  of  Lime. 

The  reaction  by  which  hypochlorous  acid  is  produced  may  thus  be 
illustrated: — 

Chlorine ••- ^  Hypochlorous  acid. 

Oxide  of  (  Mercury 

mercury  \  Oxygen 

Chlorine  . ^^      ^     Chloride  of  mercury.* 

The  chloride  of  mercury,  however,  does  not  remain  as  such ;  it 
3om bines  with  another  portion  of  the  oxide,  when  the  latter  is  in 
excess,  forming  a  peculiar  brown  compound,  an  oxychloride  of  mer- 
cury, f 

Chlorous  Acid, — This  substance  is  prepared  by  heating  in  a  flask 
filled  to  the  neck  a  mixture  of  4  parts  of  chlorate  of  potassa  and  3 
parts  of  ai'senious  acid  with  12  parts  of  nitric  acid  previously  diluted 
by  4  {iarts  of  water.  During  the  opei^tion,  which  must  be  per- 
formed in  a  water-bath,  a  gi-eenish-yellow  gas  is  evolved,  which  is 
sparingly  soluble  in  water,  and  cannot  be  condensed  by  exposui'e  to  a 
freezing  mixture.     It  slowly  ccmbines  with  bases,  producing  a  class  of 

•  2HgO       +  2Cl       =       HgQ.HgO       +  CIO 

Protoxide  of  Ctilorino.  Oxychloride  of  Hypocblorous 

mercury.  merciu^.  add. 

t  A  very  convenient  method  of  prpparing  hypochlomns  acid  has  been  de- 
scribed by  M.  Felouxe.  Red  oxide  of  mercury,  prepared  by  precipitatioD,  and 
dried  by  exposnre  to  a  strong  heat,  is  Introdut'ed  into  a  glass  tube,  kept  cool, 
and  well  washed  dry  chlorine  gas  i«  slowly  passed  over  it.  Chloride  of  mer- 
cury and  hypochlorous  acid  are  formed ;  the  latter  Is  collected  by  displacement. 
When  the  llask  or  bottle  in  which  the  gas  Is  received  is  expcraed  to  artificial 
cold  by  tlie  aid  of  a  mixinre  of  ice  and  salt,  the  hypochlorous  acid  condenses  to 
a  deep*red  liquid,  slowly  soluble  in  water,  and  very  sut^ject  to  explosion.  It  ia 
remarkable  that  the  crystaUive  oxide  of  mercury  prepared  by  calcining  the 
nitrate,  or  by  the  direct  oxidation  of  the  metal,  Is  scarcely  acted  upon  by 
chlorine  under  the  circumstances  described.— Ann.  Chim.  et  Fbys.,  3rd  series, 
vU.  179. 
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Baits  called  chlorites.  The  process  which  gives  n'se  to  chlorous  acid  is 
ralher  complicated.  The  ai^enious  acid  depnves  the  nitric  acid  of  pail 
of  ita  oKjgeo,  redacing  it  to  nitrous  acid,  which  is  oxidized  again  at  the 
expense  of  the  chloric  acid.  This,  by  the  loss  of  two-fiilhs  of  its 
oxygen,  becomes  chlorous  acid. 

Hypodihric  Acid;  Peroxide  of  Chlorine, — Chlorate  of  potassa  is 
made  into  a  paste  with  concentrated  sulphuric  acid,  and  cooled :  this 
is  introdaced  into  a  small  glass  retort,  and  very  cautiously  heated  by 
warm  water ;  a  de^yellow  gas  is  evolved,  which  'u  the  body  in  ques- 
tion ;  it  can  be  collected  only  by  displacement,  since  mercuiy  decom- 
poses and  water  absorbs  the  gas. 

Uypochloric  acid  has  a  powerful  odour,  quite  dififerent  from  that 
of  tlM  preceding  compounds,  and  of  chlorine  itself.  It  is  exceedingly 
explosive,  being  resolved  with  violence  into  its  elements  by  a  tempera- 
ture short  of  the  boiling-point  of  water.  Its  preparation  is,  therefore^ 
always  attended  by  danger,  and  should  be  perfonned  only  on  a  small 
Scale.  It  is  composed  by  measure  of  one  volume  of  chlorine  and  two 
Tolames  of  oxygen,  condensed  into  two  volumes.*  It  may  be  liquefied 
by  cold.  The  solution  of  the  gas  in  water  ble^iches.  Salte  of  this  acid 
have  not  yet  been  obtained. 

The  euchlorine  of  Davy,  prepared  by  gently  heating  chlorate  of 
pota:»ia  with  dilute  hydrochloric  acid,  is  probably  a  mixtuie  of  chlorous 
add  and  free  chlorine. 

The  production  of  hypochloric  acid  from  chlorate  of  potassa  and  sul- 
phuric acid  dejiends  upon  the  spontaneous  splitting  of  the  chloric  acid 
into  hypochloric  acid  and  perchloiic  add,  which  latter  remains  in  union 
with  the  potassa.  t 

When  a  mixture  of  chlorate  of  potassa  and  sugar  is  touched  with  a 
drop  of  oil  of  vitriol,  it  is  instantly  set  on  fire;  the  hypocJiIoric  acid 
disengaged  being  decomposed  by  the  combustible  substance  with  such 
violence  as  to  cause  inflammation.  If  crysUils  of  chlomte  of  potassa 
be  thrown  into  a  glass  of  water,  a  few  small  fragments  of  phosphorus 
added,  and  then  oil  of  vitriol  poured  down  a  narrow  funnel  reiicliing  to 
the  bottom  of  the  glass,  the  phofiphorus  will  burn  beneath  the  surface 
of  the  water  by  the  assistance  of  the  oxygen  of  the  hypochloric  acid 
disengaged.  The  liquid  at  the  same  time  becomes  yellow,  and  acquires 
the  odour  of  that  gas. 

Chloric  Acid. — ^This  is  the  most  important  compound  of  the  series. 

*  In  equivalents,  as  already  stated,  CIO4. 

12  eq.  ch  ior  in .         2  eq.  hypochloric 

8  eq.  oxygen "     "  acid. 

7  eq.  nvygpn 
1  eq.  chlorine  __!_^n^:=»^-»    1  eq.   perchloric 

acid. 
SCKO.CaOs)  +  3(HO,S08)  =    2CIO4      +    HO.CIO;  +   3(K0.S08)  +  2H0 


■~> 


Chlorate  of       Sulphuric     Hypochlurlc      Perchloric     Sulphate  of     Water, 
potosao.  acid.  acid.  acid.  potasM. 

N 
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When  chlorine  is  passed  to  satanition  into  a  moderately  strong  hot 
solution  of  caustic  potassa,  or  the  carbonate  of  that  base,  and  the  liquid 
concentrated  by  evaporation,  it  furnishes,  on  cooling,  flat  tubular 
crystals  of  a  colourless  salt,  consisting  of  potassa  combined  with  chloric 
acid.  The  mother-liquor  contains  diloride  of  potassium.  In  this  re- 
action a  part  of  the  potasaa  is  decomposed ;  its  oxygen  combines  with 
one  portion  of  chlorine  to  form  diloric  acid,  while  the  potassium  is 
taken  up  by  a  second  portion  of  the  same  substance.* 

From  chlorate  of  potassa  chloric  acid  may  be  obtained  by  boiling 
the  salt  with  a  solution  of  hydroflnosilicic  acid,  which  forms  an  almost 
insoluble  salt  with  potassa,  decanting  the  clear  liquid,  and  digesting  it 
with  a  little  silica,  which  removes  the  excess  of  the  hydrofluoailicic  acid. 
Filtration  through  paper  must  be  avoided. 

By  cautious  evaporation,  the  acid  may  be  so  far  concentrated  as  to 
assume  a  syrupy  consistence ;  it  is  then  very  easily  decomposed.  It 
sometimes  sets  fira  to  paper,  or  other  dry  organic  matter,  in  conse- 
quence of  the  facility  with  which  it  is  deoiidized  by  combustible 
bodies. 

The  chlorates  are  easily  retx^ized  ;  they  give  no  precipitate  when 
in  solution  with  nitrate  of  baiyta  or  silver  ;  they  evolve  pure  oxygen 
when  heated,  passing  thereby  into  chloiides;  and  tiiey  afford,  when 
treated  with  sulphuric  acid,  the  characteristic  explosive  yellow  gas 
already  described.  The  dilute  solution  of  the  acid  has  no  bleaching 
power. 

Perchloric  Acid. — Professor  Penny  has  shown  that  when  powdered 
chlorate  of  potassa  is  thrown  by  small  portions  at  a  time  into  hot 
nitric  acid  a  change  of  the  same  description  as  that  which  happens 
when  sulphuric  acid  is  used  takes  place,  but  with  this  important  diffei^ 
enoe,  that  the  chlorine  and  oxygen,  instead  of  being  evolved  in  a  dan- 
gerous state  of  combination,  are  emitted  in  a  stiite  of  mixture.  The 
result  of  the  reaction  is  a  mixture  of  nitrate  of  potassa  and  perchlorate 
of  potassa,  which  may  be  readily  separated  by  their  difference  of  solu- 
bility. 

Perchloric  add  is  obtained  by  distilling  peix^Iorate  of  potassa  with 
sulphuric  add.  Pure  perchloric  acid  is  a  colourless  fluid,  of  1  *  782 
sp.  gr.  at  6(f  (Xb^'-bC),  not  solidifying  at  -31®  (-S5°C);  it 
soon  becomes  coloured  even  if  kept  in  the  dark  and  after  a  few 
we«ks  decomposes  with  an  explosion.  The  vapour  of  perchloric  add 
is  transparent  and  colourless:  when  coming  in  contact  with  moist 

•  6  eq.  chlorine  {?  "I  *!<*!}"•  ^.-^  6  eq.  chloride  of  potassium. 

«  C4.  xMiviuEa  ^  J  gq  chlorine  ^.^^^  ^ 

{5  eq.  pota88luin^>^^]^ 
6  eq.  oxygen  ''^•*-*i.^ 

1  eq.  potassa  .»..,.  i'*'     1  eq.  chlorate  of  potassa. 

6K0       +        eCl       =        KOpClOa        +         5KCI 

Potassa.  Chlorine.  Chlorate  of  Chloride  of 

potaasa.  potassium. 
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sr  it  prodnoes  dense  white  fumes. '  If  the  acid  he  cautiously  mixed  with 
s  amftU  quantity  of  water  it  solidifies  to  a  crystalline  mass,  which  is  a 
eom|xnmd  of  hydrated  perchloric  add  with  two  equiyalents  of  wativ. 
When  hrooght  in  ooutact  with  carbon,  ether,  or  other  organic  sub- 
stances, perdiloric  add  explodes  with  nearly  as  much  violence  as 
chkride  of  nitrogen. 

BBOMINE. 

Bromine^  dates  back  to  1826  only,  baring  been  discovered  by 
M.  Balard.  It  is  found  in  sea-water,  and  is  a  frequent  constituent  of 
saline  springs,  chiefly  as  bromide  of  magnesium :  a  celebrated  spring  of 
the  kind  exists  near  Kreuznach  in  Prussia.  Bromine  may  be  obtained 
poK  by  the  following  process,  which  depends  upon  the  &ct,  that  ether 
agitated  with  an  aqueous  solution  of  bromine,  removes  the  greater  part 
of  that  substance. 

The  mother^liquor,  from  which  the  less  soluble  salts  hare  separated 
by  crystallization,  is  exposed  to  a  stream  of  chlorine,  and  then  shaken 
op  with  a  quantity  of  ether  ;  the  chlorine  decomposes  the  bromide  of 
magnesium,  and  the  ether  dissolvoB  the  bromine  thus  set  free.  On 
standing,  the  ethereal  solution,  having  a  fine  red  colour,  separates,  and 
naay  be  removed  by  a  funnel  or  pipette.  Caustic  potassa  is  then  added 
in  exoess,  and  heat  applied;  bromide  of  potassium  and  broroate  of 
potassa  are  formed.  The  solution  is  evaporated  to  dryness,  and  the 
saline  matter,  after  ignition  to  redness  to  decompose  the  bromate  of 
potassa,  heated  in  a  small  retort  with  binoxide  of  manganese  and  sul- 
phoric  add  diluted  with  a  little  water,  the  neck  of  the  retort  being 
planged  into  cold  water.  The  bromine  volatilizes  in  the  form  of  a  deep- 
red  vapour,  which  condenses  into  drops  beneath  the  liquid. 

Bromine  is  at  common  temperatures  a  red  thin  liquid  of  an  exceed- 
ingly intense  colour,  and  very  volatile;  it  freezes  at  about  19° 
(-7'*-2C^  and  boils  at  145°-4  (63°C).  The  density  of  the  liquid 
is  2'  976,  and  that  of  the  vapour  5 '  39.  The  odour  of  bromine  is  very 
sofibcating  and  offensive,  much  resembling  that  of  iodine,  but  more  dis^ 
agreeable.  It  is  slightly  soluble  in  water,  more  freely  in  alcohol,  and 
most  abundantly  in  ether.     The  aqueous  solution  bleaches. 

Hydrcbromic  Add.^ — ^Tliis  substance  bears  the  closest  resemblance 
in  every  particnlar  to  hydriodic  acid  :  it  has  the  same  constitution  by 
volume,  very  nearly  the  same  properties,  and  may  be  prepared  by  means 
exactly  similar,  substituting  the  one  body  for  the  other  (see  pa^e  181). 
The  solution  of  hydrobrMnic  acid  has  also  the  power  of  dissolving  a 
large  quantity  of  bromine,  thereby  acquiring  a  red  tint.  Hydrobromic 
acid  contains  by  weight  80  parts  bromine,  and  1  port  hydrogen. 

Bromic  AckLX — Caustic  alkalis  in  presence  of  bromine  undergo  the 

*  Froni  BpmiuKt  a  noisome  smell :  a  very  appropriate  tenn. 
t  UUr.  I  BiOs. 
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fiixne  change  as  with  chlorine,  bromide  of  the  metal  and  bromate  of  the 
oxide  being  produced:  these  may  often  be  separated  by  tlie  inferior 
solubility  of  the  latter.  Bromic  acid,  obtained  from  bromate  of  baryta, 
closely  resembles  chloric  acid ;  it  is  easily  decomposed.  The  bromates 
when  heated  lose  oxygen  and  become  bromides. 

A  compound  of  bromine  and  oxygen  corresponding  to  hypochloroos 
acid  is  likewise  known. 

IODINE. 

This  remarkable  substance  was  first  noticed  in  1812  by  M.  Conrtois 
of  Paris.  Minute  traces  are  found  in  combination  with  sodium  or  po- 
tassium in  sea-water,  and  occasionally  a  much  larger  proportion  in  that 
of  certain  mineral  springs.  It  seems  to  be  in  some  way  beneficial  to 
many  marine  plants,  as  these  latter  have  the  power  of  abstracting  it 
fiom  the  surrounding  water,  and  accumulating  it  in  their  tissues.  It 
is  irom  this  source  that  all  the  iodine  of  commerce  is  derived.  It  has 
lately  been  found  in  minute  quantity  in  some  aluminous  slates  of 
Sweden,  and  in  several  varieties  of  ca'il  and  turf. 

Kelp,  or  the  half-vitrified  ashes  of  sea-weeds,  prepared  by  the  inha- 
bitants of  the  Western  Islands  and  the  northern  shores  of  Scotland  and 
Ireland,  is  treated  with  water,  and  the  solution  filtered.  The  liquid  is 
then  concentrated  by  evaporation  until  it  is  reduced  to  a  very  small 
volume,  the  chloride  of  sodium,  carbonate  of  soda,  chloride  of  potassium, 
and  other  salts  being  removed  as  they  successively  crystallize.  The 
dark-brown  mother-liquor  left  contaius  veiy  nearly  the  whole  of  the 
iodine,  as  iodide  of  sodium,  magnesium,  &c. :  this  is  mixed  with  sul- 
phuric acid  .and  binoxide  of  manganese,  and  gently  heated  in  a  leaden 
retort,  when  the  iodine  distils  over  and  condenses  in  the  receiver.  The 
theory  of  the  operation  is  exactly  analogous  to  that  of  the  preparation 
of  chlorine;  it  requires  in  practice,  however,  careful  management, 
otherwise  the  impurities  present  in  the  solution  interfere  with  the 
general  result.* 

The  manganese  is  not  absolutely  necessaiy;  iodine  of  potassium  or 
sodium,  heated  with  an  excess  of  sulphuric  acid,  evolves  iodine.  This 
effect  is  due  to  a  secondary  action  between  the  hydriodic  acid  firat  pro- 
duced, and  the  excess  of  the  sulphuric  add,  in  which  both  sufier  de- 
composition, yielding  iodine,  water,  and  sulphurous  acid. 

Iodine  ciystallizes  in  plates  or  scales  of  a  bluish-black  colour,  and 
imperfect  metallic  lustre,  resembling  that  of  plumbago :  the  crystals 
are  sometimes  very  large  and  brillinnt.  Its  density  is  4*948.  At 
225''  (107°- 2C)  it  fuses,  and  at  347^  (175°C)  boils,  the  vapour  having 
an  exceedingly  beautiful  violet  colour.t     It  is  slowly  volatile,  however, 

•  KI    -»-    MnOa    +  2(H0JS03)  =  I      -f    KO;SOs   +  MnOSOj -»■  2H0 

Iodide  of    Binoxide  of   Sulphuric    ludlne.    Sulphate  of  Sulphate  of  Water, 
potassium,  manganese.       acid.  potassa.      manganese, 

t  Whence  the  name,  firom  twdi^,  viulet-coloored. 
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«t  oommon  temperatures,  and  exhales  an  odonr  mach  resembling  that 
of  dilorine.  The  density  of  the  vapour  is  8 '  71 6.  Iodine  requires  for 
nlutkni  about  7000  parts  of  water,  which  nevertheless  acquires  a 
brown  colour ;  in  alcohol  it  is  much  more  freely  soluble.  Solutions  of 
hydriodic  add  and  the  iodides  of  the  alkaline  metals  also  dissolve  a  large 
quantity:  these  solutions  are  not  decomposed  by' water, which  is  the 
case  with  the  alcoholic  tincture. 

This  substance  stains  the  skin,  but  not  permanently ;  it  has  a  very 
energetie  action  upon  the  animal  system,  and  is  much  used  in  medicine. 

One  of  the  most  characteristic  properties  of  iodine  ib  the  production 
of  a  splendid  blue  colour  by  contact  with  the  organic  principle  starch* 
The  iodine  for  this  purpose  must  be  free  or  uncombined.  It  is  easy, 
however,  to  make  the  test  available  for  the  purpose  of  recognizing  the 
presence  of  the  element  in  question  when  a  soluble  iodide  is  suspected ; 
it  is  only  necessary  to  add  a  very  small  quantity  of  chlorine-water, 
when  the  iodine,  being  di:>placed  from  combination,  becomes  capable  of 
acting  upon  the  starch. 

Hydriodic  Acid, — The  simplest  process  for  preparing  hydriodic  acid 
gas  is  to  introduce  into  a  glass  tube,  sealed  at  one  extremity,  a  little 
iodine,  then  a  small  quantity  of  roughly-powdered  glass  moistened  with 
water,  upon  this  a  few  little  frag- 
ments of  phosphorus,  and  lastly 
more  glass:  this  order  of  iodine, 
glass,  phosphorus,  glass,  is  repeated 
nntil  the  tube  is  half  or  two-thirds 
filled.  A  cork  and  narrow  bent 
tube  are  then  fitted,  and  gentle 
heat  applied.  The  gas  is  best  col- 
lected by  displacement  of  air.  The 
experiment  depends  on  the  forma- 
tion of  an  iodide  of  phosphorus,  and 
its  subsequent  decomposition  by 
water,  hydrated  phosphorous  acid 
and  iodide  of  hydrogen  being  pro- 
duced.* The  glass  merely  serves 
to  moderate  the  violence  of  the 
action  of  the  iodine  upon  the  phos- 
phorus.       ^ 

Hydriodfc  add  gas  greatly  re- 
sembles the  corresponding  chlorine 
compound ;  it  is  colourless,  and  highly  acid ;  it  fumes  in  the  air,  and 
is  very  soluble  in  water.  Its  density  is  about  4*4.  By  weight  it  is 
composed  of  127  parts  iodine  and  1  part  hydrogen;  and  by  measure. 


^.118. 


31     +     6H0     =        8HI 
Iodine.       Water.        Hydriodic  acid. 


3HO,POs 

Hvdraied 
phosphoroos  add. 
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of  equal  Tolames  of  iodine  vaponr  and  hydrogen  united  withoot  eon* 
densatioD. 

Sojution  of  faydriodic  add  may  be  prepared  by  a  procees  much  len 
troublesome  than  the  above.  Iodine  in  fine  powder  is  suspended  in 
water,  and  a  stream  of  washed  sulphuretted  hydrogen  passed  througb 
the  mixture;  sulphur  is  deposited,  and  the  iodine  converted  into 
hydriodic  acid.  When  the  liquid  has  become  colourless,  it  is  heated, 
to  expel  the  excess  of  sulphui-etted  hyditigen,  and  filtered.  The  solution 
cannot  long  be  icept,  especially  if  it  be  strong ;  the  oxygen  of  the  air 
gradually  deoompoees  the  hydriodic  acid,  and  iodine  is  set  free,  which, 
disBolring  in  the  remainder,  communicates  to  it  a  brown  colour. 

Componmdt  cf  Iodine  and  Oxygen, 

The  most  impoiiant  of  these  are  the  iodic  and  periodic  acids. 

OnnposlUon  by  weight. 

Iodine.        Oxygen. 
Iodic  acid  ...  127  40 

Periodic  acid*     ...  127  56 

Iodic  add  may  be  prepared  by  the  diiect  oxidation  of  iodine  by 
nitric  acid  of  specific  gravity  1 '  5 ;  5  parts  of  dry  iodine  with  200  parts 
of  nitric  add  are  kept  at  a  boiling  temperature  for  several  hours,  or 
until  the  iodine  has  disappeared.  The  solution  is  then  cautiously  dis- 
tilled to  dryness,  and  the  residue  dissolved  in  water  and  made  to  cryjs- 
tallize. 

Iodic  acid  is  a  very  soluble  substance ;  it  crystallizes  in  colourlesfly 
six-sided  tables,  which  contain  water.  It  is  decomposed  by  heat,  and 
its  solution  readily  deoxidized  by  sulphurous  acid.  The  iodates  much 
resemble  the  chlorates :  that  of  potassa  is  decomposed  by  heat  into 
iodide  of  potasiiium  and  oxygen  gas. 

Periodic  Acid, — When  solution  of  iodate  of  soda  is  mixed  with 
caustic  soda,  and  a  current  of  chlorine  transmitted  through  the  liquid* 
two  salts  are  formed,  namely,  diloride  of  sodium  and  a  combination  of 
periodate  of  soda  with  hydrate  of  soda,  which  is  sparingly  soluble.f 
This  is  separated,  converted  into  a  silver-t«lt,  and  dissolved  in  nitric 
acid :  the  solution  yields  on  evaporation  crystals  of 'ydlow  periodate  of 
silver ;  from  which  the  acid  may  be  separated  by  the  action  of  water, 
which  resolves  the  salt  into  fret  acid  and  insoluble  basic  periodate. 

The  add  itself  may  be  obtained  in  crystals.  It  is  permanent  in  the 
air,  and  capable  of  being  resolred  into  iodine  and  oxygen  by  a  high 
temperature. 

•  IO5  snd  IO7 

t  NaO.105   +  3NaO    +     8Q       =       aXaOJOr       +       aNsQ 

lodsteof        Soda.        Chlorine.         Basic  Periodate         Cblorideof 
soda,  ofsoda.  sodium. 
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This  elemmt  has  never  been  isolated,  at  I«Mt  in  a  state  fit  for  exa- 
mination ;  its  properties  are  comsequently  iu  gi^eat  measure  unknown ; 
from  the  observations  made  it  is  presumed  to  be  gaseous,  and  to  possess 
colour,  like  chlorine.  The  compounds  containing  fluorine  can  be  easily 
decompoeed,  and  the  element  tnmsferred  from  one  body  to  another ;  but 
its  extraordinary  chemical  energies  towards  the  metals  and  towards 
rilicium,  a  component  of  glass,  have  hitherto  baffled  all  attempts  to 
obtain  it  pare  in  a  separate  state.  As  fluoride  of  calcium  it  exists  in 
small  quantities  in  many  animal  substances,  such  as  bones.  Several 
cbenusts  have  oideavoured  to  obtain  it  by  decomposing  fluoride  of  silver 
by  means  of  chlorine  in  vessels  of  fluor-spai',  but  even  these  expeiiments 
hm  not  led  to  a  decisive  result. 

Hifdroftuoric  Acid* — ^When  powdered  fluoride  of  calcium  (fluor* 
spar)  is  heated  with  concentrated  sulphuric  acid  in  a  retort  of  platinum 
or  Icaul  connected  with  a  carefully-cooled  receiver  of  the  same  metal,  a 
very  volatile  colourless  liquid  is  obtained,  which  emits  copious  white 
and  highly-suffocating  fames  in  the  air.  This  was  formerly  believed 
to  be  t£e  acid  in  an  anhydrous  state.  M.  Louyet,  however,  states  that 
it  still  contains  water,  and  that  hydrofluoric  acid,  like  hydrochloric 
add,  when  anhydrous,  is  a  gas.  The  anhydrous  acid  may  be  prepared^ 
aooording  to  Fi^my,  by  distilling  hydrofluate  of  fluoride  of  potassium 
in  a  platinum  vessel.  Tlie  add  is  gaseous  at  ordinaiy  temperatures. 
In  a  frigorific  mixture  it  exists  as  a  fluid,  which  acts  violently  on  water 
and  evolves  white  fumes. 

When  hydrofluoric  add  is  put  into  water,  it  unites  with  the  latter 
with  great  violence :  the  dilute  solution  attacks  glass  with  great  facility. 
The  concentrated  add  dropped  upon  the  skin  occasions  deep  and  malig- 
nant ulcers,  so  that  great  care  is  requisite  in  it«  management.  Hydro- 
fluoric add  contains  19  parts  fluorine  and  1  part  hydrogen. 

In  a  diluted  state,  this  acid  is  occasionally  used  in  the  analysis  of 
siliceous  minerals,  when  alkali  is  to  be  estimated  :  it  is  employed,  also, 
for  etching  on  glass,  for  which  purpose  the  add  may  be  prepared  in 
vessels  of  lead,  that  metal  being  but  slowly  attacked  under  these  dr« 
cumstances.  The  vapour  of  the  add  is  also  very  ad  vantagpously  applied 
to  the  same  object  in  the  following  manner :  the  glass  to  be  engraved  is 
coated  with  etching-ground  or  wax,  and  the  design  traced  in  the  usual 
way  with  a  pointed  instrument.  A  shallow  basin  made  by  beating  up 
a  piece  of  sheet-lead  is  then  prepared,  a  little  powdered  fluor-spar  pkced 
in  it,  and  enough  sulphuric  add  added  to  form  with  the  latter  a  thin 
paste.  The  glass  is  pUced  upon  the  basin,  with  the  waxed  side  down- 
wards, and  gentle  heat  applied  beneath,  which  speedily  disengages  the 
vapour  of  hydrofluoric  add.  In  a  very  few  minutes  the  operation  is 
complete :  the  glass  is  then  removed  and  deaned  by  a  little  warm  oil  of 

•HF. 
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turpentine.    When  the  experiment  is  sua'essful,  the  lines  are  yery  clean 
and  smooth. 

1^0  oombination  of  fluorine  and  osjgea.  has  jet  been  discovered. 

8XLICIUM. 

Silicinfki,  sometimes  called  silicon,  in  nnion.  with  oxygen  constituting 
silica,  or  the  eai-th  of  flints,  is  a  very  abundant  substance,  and  one  oi 
great  importance.     It  enters  laigely  into  the  composition  of  many  of 
the  rocks  and  mineral  masses  of  which  the  surface  of  the  earth  is  com- 
posed.   The  following  process  yidds  silicium  most  readily.    The  double 
fluoride  of  silicium  and  potassium  is  heated  in  a  glass  tube  with  nearly 
its  own  weight  of  metallic  potassium  ;  violent  reaction  ensues,  and  sili- 
cium is  set  free.  When  cold,  the  contents  of  the  tube  are  put  into  oold 
water,  which  removes  the  saline  matter  and  any  residual  potassium, 
and  leaves  the  silicium  untouched.    So  pi'epared,  silicium  is  a  dark- 
brown  powder,  destitute  of  lustre.    Heated  in  the  air,  it  bums,  and 
becomes  superficially  converted  into  silica.     It  is  also  acted  upon  hy 
sulphur  and  bychloiine.   When  silidum  is  strongly  heated  in  a  covered 
crucible  its  properties  are  greatly  changed ;  it  becomes  darker  in  colour, 
denser,  and  incombustible,  refusing  to  burn  even  when  heated  by  th^ 
flame  of  the  oxyhydrogen  blowpipe. 

According  to  recent  researdies  by  Wohler  and  Deville,  silicium, 
like  carbon,  is  capable  of  existing  in  three  different  modifications.    The 
modiflcatiou  above  mentioned  corresponds  to  the  amorphous  variety  of 
carbon  (lampblack).    The  researches  just  quoted  have  established  the 
existence  of  modifications  corresponding  to  the  diamond,  and  to  the 
graphite  variety  uf  carbon.     The  diamond  modification  of  silicium  is 
most  readily  obtained  by  intixxlucing  into  a  red-hot  crucible  a  mixture 
of  3  parts  of  silico-fluoride  of  potassium,  1  part  of  sodium  in  small 
fragments,  and  1  part  of  granulated  zinc,  and  heating  to  perfect  fusion. 
On  slowly  cooling  there  is  foimed  a  button  of  zinc,  coverod  and  inter- 
spersed with  needle^aped  crystals  consisting  of  ociohedra,  joined  in  the 
direction  of  the  axis.     This  crystallized  silidum,  which  may  be  readily 
freed  from  zinc  by  treatment  with  acids,  resembles  crystallized  hematite 
in  colour  and  appearance :  it  scratches  glass,  and  fuses  at  a  temperature 
approaching  the  melting-point  of  cast  iron.     The  graphite  modification 
of  silicium  is  prepared  by  fusing,  in  a  Hessian  crucible,  5  parts  of 
soluble  glass  (silicate  of  potaasa),  10  parts  of  cryolite  (fluoride  ot' 
sodium  and  aluminium),  with  1  part  of  aluminium.     On  treating  the 
resulting  button  of  aluminium  with  hydrochloric  add,  the  silidum 
remains  in  the  form  of  scaly  crystals,  resembling  graphite,  but  of 
somewhat  brighter  colour,  scratching  glass,  like  the  previous  modifica- 
tion.    It  is  infusible.     Its  spedfic  gravity  is  2*49.    The  equivalent  of 
silicium  is  21  ;  its  symbol  Si. 

Hydride  of  silicium,  or  silicated  hydrogen,  was  discovered  by  Buff 
and  Wohler,  who  obtained   thia  gas  by  passing  an  electric  current 


iioDtrh  a  ulutioD  of  chioriiie  of  aodium,  lite  positire  pole  emplojed 
•uiiUng  of  BlumiDiiim  cODlaJniog  iilicium.  Slore  receotiy  Wi>hlpr 
id  HajtVus  producnl  this  gv  bj  HtcompoaiD};:  DiJigDeAEUin  contAining 
lidora  wiUi  hjrdnKhloric  icid.  Both  mctbodi  yield  hjdride  of  lili- 
DDi  rrtixnl  vitlx  fi*^  hydn^n,  and  chemistji  have  therfforeaa  jet  b^en 
aUc  to  detetmine  iti  fonDula.  Hydride  of  liliciuni  is  a  colDurless 
gu:  when  brouifbC  in  contact  with  air  it  ignites  tpwitaneoualy,  and 
bdnu  vith  ■  while  Bame,  eroiving  white  Jouds  of  liiidc  acid.  On 
pasing  hydride  of  lilicium  through  a  red-hot  tube,  it  u  deoompoHd, 
Hlidum  bein[{  deposited. 

Sa«!ii.—Tbii  ia  the  only  well-known  oiide;  it  contain!  21-8  porta 
dlicium,  and  24  parti  oiygen."  Colourless  transparent  rock-cryalal 
toorial*  of  sili™  Tery  nearly  in  a  stale  of  pnnty;  common  quarli, 
agata,  calcfdonj,  flint,  and  sereral  other  Tnineruii,  are  also  chiefly  com- 
poMd  of  thii  aubstuice. 

The  eiperimetil  about  to  be  described  fnmiihes  ailics  in  a  state  of 
complete  purity,  and  at  the  same  time  eihibits  oDeof  the  most  remnrli- 
ahla  properties  of  siticium,  namely,  its  nttrnctioD  for  flaorine.     A  mil- 
tare  is  made  of  equal  parts  fluor-gpar  and  glut,  both       _    ^._  „. 
hnely  powdered,  and  introduced  jnt<i  a  gla»  flask,  with 
aqoanlity  of  oil  of  vitriol.    A  tolerably  wide  bent  tube, 
fitted  to  the  Raik  by  a  cork,  passes  to  the  bottom  of 
tglau  jar,  into  which  enough  mercury   is  poured    to 
ODTer  the  extremity  of  the  lube.     The  jar  is  then  half 
filled  with  wat«r,  and  heat  is  applieil  to  the  Auk. 

The  first  elTect  is  the  disengagement  of  hydrofluoric 
acid :  this  substance,  however,  finding  itself  in  contact 
with  thesilicaof  the  powdered  ginis,  undergoes  decom- 
paction, water  and  fluoride  of  lilicium  being  produced. 
The  latter  ii  a  permanent  fnu,  which  escapes  from  the 
flask  by  the  bent  tube.  By  contact  with  a  large  [|U«D- 
tity  of  water,  it  is  in  turn  decomposed,  yielding  silica, 
which  separates  in  a   beautiful  gelHtinoua   coitditioD, 

ailidnm    and    hvdrogea,  commonly  callerl    hydrofluo- 

silidc  acid.t     The  silica  may  be  oollected  on  a  cloth  

filter,  well  waxbed,  dried,  and  heated  to  redness  to  tipel  water. 

The  acid  liquid  is  kept  as  a  test  for  baryta  aod  potaiu,  with  which 

t  (i;  Reaction  of  hydrollnoTicirldnpcin 
Hydrolloorlc  I  Flnorbie 
acid  I  HydrDgei 

H/dfoHUDrtc' 

m  Deampodthn 


18G  BOBOK. 

it  forms  nearly  insoluble  precipitates,  tbe  double  fluoride  of  nlidnm 
and  potassium  being  used,  as  was  stated,  in  the  preparation  of  ailiciuxn. 
The  fluoride  of  silicium,  instead  of  being  condensed  into  water,  may 
be  collected  over  mercury :  it  is  a  permanent  gas,  destitute  of  colour, 
and  yery  heavy.  Admitted  into  the  air,  it  condenses  the  moistujne  of 
the  latter,  giving  rise  to  a  thick  white  doud.  It  is  important  in  the 
experiment  above  described  to  keep  the  end  of  the  delivery-tube  from 
touching  the  water  of  the  jar,  otherwise  it  almost  instantly  becomes 
stopped :  the  mercury  effects  this  object. 

There  is  another  method  by  which  pure  silica  can  be  prepared,  and 
which  is  also  very  instructive,  inasmuch  as  it  is  the  basis  of  the  pro- 
ceeding adopted  in  the  analysis  of  all  siliceous  minerals.     Powdered 
rock-crystal  or  fine  sand  is  mixed  with  about  three  tiroes  its  weight  of 
dry  carbonate  of  soda,  and  the  miiture  fused  in  a  platinum  crucible. 
When  cold,  the  glassy  mass  is  boiled  with  water,  by  which  it  is  8oft<- 
ened,  and  almost  entiraly  dissolved.     An  exoess  of  hydrochloric  acid 
is  then  added  to  the  filtered  liquid,  and  the  whole  evaporated  to  com- 
plete dryness.     By  this  treatment  the  gelatinous  silica  thrown  down 
by  the  acid  becomes  completely  insoluble,  and  remains  behind  when 
tlie  dry  saline  mass  is  treated  with  acidulated  water,  by  which  the 
aikiiline  salts,  alumina,  sesquioxide  of  iron,  lime,  and  many  other 
bodies  which  may  happen  to  be  present,  are  removed.     The  silica  is 
washed,  dried,  and  heated  to  redness. 

The  most  prominent  character  of  silica  are  the  following :  it  is  a 
very  fine,  white,  tasteless  powder,  having  a  density  of  about  2'66, 
which  is  only  to  be  fui^ed  by  the  oxyhydrogen  blowpipe.  When  once 
dried,  silica  is  not  sensibly  soluble  in  water  or  dilute  acid  (with  the 
eiception  of  hydrofluoric  acid).  But  on  adding  hydrochloric  acid  to 
a  very  dilute  solution  of  silicate  of  potassa  the  liberated  silica  ranains  in 
solution.  From  this  mixed  solution  of  silica  and  chloride  of  potassium 
the  latter  can  be  separated  by  difl'usion  (comp.  p.  138),  when  a 
moderately  concentrated  solution  of  silica  iu  water  is  obtained.  This 
solution  has  a  distinctly  acid  reaction  :  it  presents,  however,  but  little 
stability.  When  kept  for  some  time  it  gelatinizes,  the  silica  separat- 
ing in  the  insoluble  modification.  The  same  effect  is  produced  by  the 
addition  of  a  few  drops  of  sulphuric  or  nitric  acid,  or  of  a  solutioa 
of  salt.  

(2)  Deoompositkm  of  fluorldo  of  silicinm  by  water  :— 

Fluoride  of    i  Silicium -^  SUloa. 

silicium      X  Fluorine 

Water  i  0^78^^ 

water     .     •}  Hydrogen 

Fluoride  of  BlUdum  •^^'  Hydroflnoeilidc  add. 

aSlFa      +     3H0    =    SiOs  +  3HF^iFs 


"> 


Terfluoride       Water.        Silicic       Hydrofluo- 
of  silidum.  add.  sUldc 
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Silica  k  !n  renlity  an  acicl,  and  a  yery  powei'fiil  one.  In  strong 
alkalime  Uqaids  it  ia  freelj  soluble.  When  heated  with  bases,  eiipeciallj 
tJuae  which  are  capable  o£  uQdei|;oing  fudon,  it  unites  with  them  and 
farms  true  salts,  which  are  sometimes  soluble  in  water,  as  in  the  case  of 
the  silicates  of  potasaa  and  soda  when  the  proportion  of  base  is  con- 
siderable. Common  glass  is  a  miiture  of  several  silicates  in  which 
the  lererse  of  this  happens,  the  silica,  or,  as  it  is  more  correctly  called, 
alicic  acid,  being  in  excess.  Even  glass,  however,  is  slowly  acted 
iqxn  by  water. 

FineJyHlivided  silica  is  highly  useful  in  the  manufacture  of  porce- 
lain* 

BORON. 

This  substance  is  closely  related  to  siliclum ;  it  is  the  basis  of  bo- 
Tadc  acid. 

Boron  is  prepared  by  a  process  very  similar  to  that  described  in  the 
case  of  silicium,  the  double  fluoride  of  boron  and  potassium  being  sub- 
stituted for  the  other  fait,  and  the  operation  conducted  in  a  small  iron 
TesMl  instead  of  a  glass  tube.  It  is  a  dull,  greenish-brown  powder, 
which  burns  in  the  air  when  heated,  producing  boracic  acid.  Nitric 
add,  alkalis  in  a  fused  condition,  chlorine,  and  other  agents,  attack  it 
readily. 

By  processes  perfectly  analogous  to  those  adopted  for  the  preparation 
of  the  diamond  and  graphite  variety  of  silicium,  Wohler  and  Deville 
have  procured  also  the  corresponding  modiBcations  of  boron.  The 
diamond  modification  of  boron  crystallizes  in  square  octohcdra,  gene- 
rally of  a  brownish  colour,  possessing  very  nearly  the  hardness  and 
refractiye  power  of  diamond.  It  is  infusible  in  the  flame  of  the  oxy- 
hydrogen  blowpipe,  but  burns  in  oxygen  at  the  same  temperature  at 
which  the  diamond  is  oxidized.  Its  spec.  gr.  is  2*68.  The  graphite 
modification  of  boron  crystallizes  in  scaly  hexagonal  plates,  which  in 
every  respect  resemble  the  carbon  graphite.  Both  modifications  form 
fusible  compounds  with  platinum. 

There  is  but  one  oxide  of  boron,  namely,  boraeic  acid,  containing 
10*9  parts  of  boron  and  24  parts  of  oxygen.* 

Boracic  acid  is  found  in  solution  in  the  water  of  the  hot  volcanic 
lagoons  of  Tuscany,  whence  a  large  supply  is  at  present  derived.  It 
is  also  easily  made  by  decomposing  with  sulphuric  acid  a  hot  solution 
of  borax,  a  salt  brought  from  the  East  Indies,  consisting  of  boracic 
add  combined  with  soda. 

Boracic  acid  crystallizes  in  transparent  colourless  plates,  soluble  in 
about  25  parts  of  cold  water,  and  in  a  much  smaller  quantity  at  a 
boiling  heat ;  the  acid  has  but  little  taste,  and  feebly  affects  vegetable 
colours.  When  heated,  it  loses  water,  and  melts  to  a  glassy  trans- 
parent mass,  which  dissolves  many  metallic  oxides  with  great  ease, 

*BoOg. 
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The  crystals  contain  34*9  pai-ts  of  real  acid,  and  27  parts  of  water.** 
Thej  dissolve  in  alcohol,  and  the  solution  bums  with  a  green  flame. 

Glassy  boracic  acid  in  a  state  of  fusion  requires  for  its  dissipation 
in  vapour  a  vei-j  intense  and  long-continued  heat:  the  solution  in 
water  cannot,  however,  be  evaporated  without  very  appreciable  loss 
by  Yolatiiization :  hence  it  is  probable  that  the  bydi'ate  is  far  more 
volatile  than  the  acid  itself. 

By  heating  in  a  glass  flask  or  retort  one  part  of  the  vitrified  boracic 
acid,  2  of  fluor-spar,  and  12  of  oil  of  vitriol,  a  gaseous  fluoride  of 
boron  may  be  obtained,  and  I'eceived  in  glass  jars  standing  over  mer- 
cury.    It  is  a  transparent  gas,  very  soluble  in  water,  and  very  heavy ; 
it  forms  a  dense  fume  in  the  air  like  the  fluoride  of  silicium.f 

*  3H0,Bo0a.       t  Tbese  two  bodies  are  thus  constituted :— SiFs,  snd  BoF^. 
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OX  CERTAIN  IMPORTANT  COMPOUNDS  FORMED  BY 
THE  UNION  OF  THE  PRECEDING  ELEMENTS 
AMONG  THEMSELVES. 


COMPOUNDS  OF  CARBON  AND  HYDROGEN. 

The  ooTnponnds  of  carbon  and  hydrogen  already  known  are  exceed- 
ingly numeroua:  perhaps  all,  in  strictness,  belong  to  the  domain  of. 
organic  chemistiy,  as  they  cannot  except  in  very  i'ew  cases  be  formed 
by  the  direct  iinion  of  their  elements,  but  always  arise  from  a  d<s 
composition  of  a  complex  body  of  organic  origin.  It  will  be  found 
convenient,  notwithstanding,  to  describe  two  of  them  in  this  part  of 
the  volume,  as  they  veiy  well  illustrate  the  impoiiant  subjects  of 
oombo^tion,  and  the  nature  of  flame. 

Light  Carbonetted  or  Carhuretted  Hydrogen;  Marsfi-gas;  Ftre- 
damp ;  Gas  of  the  Acetates. — This  gas  is  but  too  often  found  to  be 
abundantly  disengaged  in  coal  mines  from  the  fresh-cut  surface  of  the 
coal,  and  from  remarkable  apertures  or  "  blowers,"  which  emit  for  a 
great  length  of  time  a  copions  stream  or  jet  of  gas,  which  probably 
existed  in  a  state  of  compression,  pent  up  in  the  coaJ. 

The  mud  at  the  bottom  of  pools  in  which  water-plants  grow,  on 
being  stirreJ,  supers  bubbles  of  gas  to  escape,  which  may  be  easily 
collected.  This,  on  examination,  is  found  to  be  chiefly  a  mixture  of 
light  carbonetted  hydrc^en  and  carbonic  acid :  the  latter  is  easily  ab- 
sorbed by  lime-water  or  caustic  potassa. 

For  a  long  time,  no  method  was  known  by  which  the  gas  in  question 
could  be  produced  in  a  state  approaching  to  purity  by  artificial  means; 
the  various  illuminating  gases  from  pit-coal  and  oil,  and  that  obtained 
by  passing  the  vapour  of  alcohol  through  a  red-hot  tube,  contain  large 
qnantities  of  light  carbonetted  hydrogen,  associated,  however,  with 
other  substances  which  hardly  admit  of  separation.  M.  Dumas  was  so 
fortunate  as  to  discover  a  method  by  wliich  that  gas  can  be  produced  at 
will,  perfectly  pure,  and  in  any  quantity. 

A  mixture  is  made  of  40  parts  crystallized  acetate  of  soda,  40  parts 
wild  hydrate  of  potassa,  and  60  parts  quicklime  in  powder.  This 
inixtare  is  transferred  to  a  flask  or  retort,  and  strongly  heated ;  the 
g'tt  is  disengaged  in  great  abundance,  and  may  be  collected  over  water.* 

*  Ann.  Chlm.  et  Phys..  Ixziil.  93.  The  reaction  consists  in  the  conversion  of 
the  acetic  acid,  by  the  aid  of  the  elements  of  water,  Into  carbonic  acid  and  light 
<^vboQetted  hydrogen ;  the  instability  of  the  organic  add  at  a  high  temperature. 
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Light  carbonetted  hydrogen  is  a  colourless  and  nearly  inodorous  gas, 
which  does  not  affect  vegetable  colours.  It  bums  with  a  yellow  6ame, 
generating  carbonic  acid  and  water.  It  is  not  poisonous,  and  may  be 
respired  to  a  gi'eat  extent  without  apparent  injury.  The  density  of  this 
compound  is  about  0'559,  100  cubic  inches  weighing  17*41  grains  ; 
and  it  contains  carbon  and  hydrogen  associated  in  the  proportion  of  6 
parts  by  weight  of  the  former  to  2  of  the  latter.* 

When  100  measures  of  this  gas  are  mixed  with  200  of  pure  oxygen 
in  the  eudiometer,  and  the  mixture  exploded  by  the  electric  spark,  lOO 
measures  of  gas  remain  whidi  are  entirely  absorbable  by  a  little  solu- 
tion of  caustic  potas.<ia.  Now  carbonic  acid  contains  its  own  volume  of 
oxygen ;  hence  one-half  the  oxygen  added,  that  is,  100  measures,  must 
have  been  consumed  in  uniting  with  the  hydrogen.  Consequently,  the 
gas  must  contain  twice  its  own  measure  of  hydrogen,  and  enough 
carbon  to  produce,  when  completely  burned,  an  equal  quantity  of  car- 
bonic acid. 

Wben  chlorine  is  mixed  with  light  carbonetted  hydrogen  over  water, 
DO  change  follows,  provided  light  be  excluded.  The  presence  of  light, 
however,  brings  about  decomposition,  hydrochloric  acid,  cai-bonic  add, 
and  sometimes  other  products  being  produced.  It  is  important  to  re- 
member that  the  gas  is  not  acted  upon  by  chlorine  in  the  dark. 

Olefiant  Oas. — Strong  spirit  of  wine  is  mixed  with  Hve  or  six  times 
its  weight  of  oil  of  vitriol  in  a  glass  flask,  the  tube  of  which  passes  into 
a  wash-bottle  containing  caustic  potassa.  A  second  wash-bottle,  partly 
filled  with  oil  of  vitriol,  is  connected  with  the  Hrat^  and  furnished  with 
a  tube  dipping  into  the  water  of  the  pneumatic  trough.  On  the  first 
application  of  heat  to  the  contents  of  the  flask,  alcohol,  and  afterwards 
ether,  make  their  appearance ;  but,  as  the  temperature  rises,  and  the 
mixture  blackens,  the  ether-vapour  diminishes  in  quantity,  and  its 
place  becomes  in  great  part  supplied  by  a  permanent  inflammable  gas ; 
carbonic  acid  and  sulphurous  acid  are  also  generated  at  the  same  time, 
besides  traces  of  other  products.  The  two  last^mentioned  gases  are 
absorbed  by  the  alkali  in  the  first  bottle,  and  the  ether-vapour  by  the 
acid  in  the  second,  so  that  the  oleflant  gas  is  delivered  tolerably  pure. 
The  reaction  is  too  complex  to  be  discussed  at  the  present  moment ;  it 
will  be  found  fully  described  in  another  part  of  the  volume.     Olefiant 


and  the  attrsctloo  of  the  potaasa  for  carbonic  add,  being  the  determfaring 
causes.  The  lime  prevents  the  hydrate  of  potassa  from  fUsing  and  attacking 
the  glass  vessels. .  This  decomposition  is  best  understood  by  putthig  It  in  the 
siiape  of  an  equation. 

Acetic  add  C4HSO3  )    _   1  Carbonic  add.  2  eq.  G^     O4 
Water  H  0  j  ~   )  Uarab-gas,  2  eq.      G2H4 

C4H4O4  C4H4O4 

*  The  two  carbides  of  hydrogen  here  described  are  thus  represented  In  equi* 
vaients  :—• 

Light  caitmnetted  hydrogen  G  H2,  or  C2H4 
Oleflant  gas  .       .    G1H2.  or  G4U4 
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tiiiu  pTodnced  is  ooloarlen,  neotral,  and  but  slightly  soluble  ia 
Alcohol,  ether,  oil  of  turpeotine,  and  eyen  olive  oil,  as  Mr. 
Faraday  has  obserred,  diswlve  it  to  a  considerable  extent.  It  has  a 
fidnt  odoor  of  gariic.  On  the  approach  of  a  kindled  taper  it  takes  fire, 
cod  bams  with  a  splendid  white  light,  far  sarpassing  in  brilliancy  that 
produced  by  light  carbonetted  hydrogen.  This  gas,  when  mixed  with 
oxygen  and  fired,  explodes  with  extreoae  violence.  Its  density  is  0 '  981 ; 
lOb  cubic  inches  weigh  30*57  grains. 

By  the  nae  of  the  eudiometer,  as  already  described,  it  has  been  found 
fbat  each  measure  of  olefisnt  gas  requires  for  complete  combustion 
exactly  three  of  oxygen,  and  fMroduces  under  theM  circumstauon  two 
meaaures  of  carbonic  acid.  Whence  it  is  evident  that  it  contains  twice 
its  own  Tolame  <^  hydrogen,  combined  with  twice  as  much  carbon  as 
IB  marsh  gas. 

By  welglrt,  these  proportions  will  be  12  pai*ts  carbon,  and  2  parts 
hydrogen. 

Olefiant  gas  is  decomposed  by  passing  it  through  a  tnbe  heated  to 
bright  redness ;  a  depoeit  of  charcoal  and  tar  takes  place,  and  the  gas 
becomes  converted  into  light  carbonetted  hydrogen,  or  even  into  free 
hydrogen,  if  the  temperature  be  yery  high.  This  latter  change  is  of 
eourse  attended  by  increase  of  volume. 

Chlorine  acts  upon  oleHant  gas  in  a  very  remarkable  manner.  When 
the  two  bodies  are  mixed,  even  in  the  dark,  they  combine  in  equal 
measures,  and  give  rise  to  a  heavy  oily  liquid,  of  sweetish  taste  and 
ethereal  odour,  to  which  the  name  of  chloride  of  olefiant  gas,  or  Dutch 
liquid,*  is  given.  It  is  from  this  peculiarity  that  the  term  olefimit  gas 
is  deriyed. 

A  pleasing  and  instructive  experiment  may  also  be  made  by  mixing 
in  a  Udl  jar  two  measures  of  chlorine  and  one  of  olefiant  gas,  and  then 
qnickly  applying  a  light  to  the  mouth  of  the  vessel.  The  chlorine  and 
hydrogen  unite  with  flame,  which  passes  quickly  down  the  jar,  while 
the  whole  of  the  carbon  is  set  free  in  the  tbrm  of  a  thick  black  smoke. 

Coal  and  Oil  Gases, — The  manufiKture  of  coal  gas  is  at  the  present 
moment  a  branch  of  industry  of  great  interest  and  importance  in 
several  points  of  view.  The  process  is  one  of  great  simplicity  of  prin- 
ci|rie,  bat  reqairea,  in  practice,  some  delicacy  in  management  to  yield 
a  good  result. 

When  pit-coal  Is  subjected  to  destructive  distillation,  a  yariety  of 
products  show  themselves ;  permanent  gases,  steam,  and  volatile  oils, 
besides  a  not  inconsiderable  quantity  of  ammonia  from  the  nitrogen 
always  present  in  the  coal.  These  substances  vary  very  much  in  their 
proportions  with  the  temperature  at  which  the  process  is  conducted, 
the  permanent  gases  becoming  more  abundant  with  increased  heat, 
bat  at  the  same  time  losing  much  of  their  value  for  the  purpose^  of 
illumination. 

•  GsHsCl,  or  G^UfCl^ 
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The  coal  is  distilled  in  cast-iron  retorts,  maintained  at  a  bright-red 
heat,  and  the  yolatilized  product  conducted  into  a  long  horizontal  pipe 
of  large .  dimensions,  always  half  filled  with  liquid,  into  which  the 
extremity  of  each  separate  tube  dips :  this  is  called  the  hydraulic  main. 
The  gas  and  its  accompanying  yapours  are  next  made  to  traverse  a 
refrigerator,  usually  a  series  of  iron  pipes,  cooled  on  the  outside  hy  a 
stream  of  water ;  here  the  condensation  of  the  tar  and  the  ammoniacal 
liquid  becomes  complete,  and  the  gas  proceeds  onwards  to  another  part 
of  the  apparatus,  in  whidi  it  is  deprived  of  the  sulphuretted  hydrogen 
and  carbonic  acid  gases  always  present  in  the  crude  product.   This  was 
formerly  effected  by  hydrate  of  lime,  which  readily  absorbs  the  com- 
pounds in  question.     The  use  of  lime  has  been  almost  superseded  by 
that  of  a  mixture  of  sawdust  and  oxide  of  iron.    This  mixture,  after 
having  been  employed,  is  exposed  for  some  time  to  the  atmosphere,  and 
is  then  fit  for  use  a  second  time.     The  purifiers  are  large  iron  vessels, 
filled  either  with  hydrate  of  lime  or  with  the  oxide  of  iron  mixture. 
The  gas  is  admitted  at  the  bottom  of  the  vessel,  and  made  to  ])ass  over 
a  lai^  surface  of  the  purifying  agents.    The  last  part  of  the  operation, 
which  indeed  is  often  omitted,  consists  in  passing  the  gas  through  dilute 
sulphuric  acid,  in   order  to  remove  ammonia.     The  quantity  thus 
separated  is  very  small,  relatively,  to  the  bulk  of  the  gas,  but  in  an 
extensive  work  becomes  an  object  of  importance. 

Coal-gas  thus  manufactured  and  purified  is  preserved  for  use  in  im> 
mense  cylindrical  receivers,  closed  at  the  top,  suspended  in  tanks  of 
water  by  chains  to  which  counterpoises  are  attached,  so  that  the  gas- 
holders rise  and  sink  in  the  liquid  as  they  become  filled  from  the 
purifiers  or  emptied  by  the  mains.  These  latter  are  made  of  large 
diameter,  to  diminish  as  much  as  possible  the  resistance  experienced  by 
the  gns  in  passing  through  such  a  length  of  pipe.  The  joints  of  these 
mains  are  still  made  in  such  an  imperfect  manner,  that  immense  loss 
is  experienced  by  leakage  when  the  pressure  upon  the  gas  at  the  works 
exceeds  that  exerted  by  a  column  of  water  an  inch  in  height.* 

CofU-gas  varies  very  much  in  composition,  judging  from  its  variable 
density  and  illuminating  powers,  and  from  the  analyses  which  have 
been  made.  The  difficulties  of  such  investigations  are  very  great,  and 
unless  particular  precaution  be  taken,  the  results  are  merely  approxi- 

*  It  may  give  some  idea  of  the  extent  of  this  species  of  manufacture,  to  men- 
tion that  in  the  year  1U38,  for  lighting  London  and  the  snbnrhs  alone,  there 
were  eighteen  pul>lic  gaa-works,  and  £2,800,000  invested  in  pipes  and  apparatus. 
The  yearly  revenue  amounted  to  £460,000,  and  the  consumption  of  cool  in  the 
same  period  to  180,000  tons,  1,460  milliaiu  of  cubic  feet  of  gas  being  made  in 
the  year.  There  were  134,300  private  lights,  and  30.400  street  lamps.  890  tons 
of  coals  were  used  in  the  retorts  in  the  space  of  twenty-four  honrs  at  mid- 
winter, and  7,120,000  cubic  feet  of  gas  consumed  in  the  longest  night.— Dr.  Ure, 
Dictionary  of  Arts  and  Manufactures.  Since  that  time  the  production  of  gas 
has  been  enormously  increased,  llie  amount  of  coal  used  in  London  for  gas- 
making  in  IH&T  is  estimated  at  more  than  800,000  tons,  yielding  not  less  than 
7,000,000  of  cubic  feet  of  gas.  In  the  same  year  the  mains  in  the  Loudon  streets 
had  reached  the  extraordinary  length  of  aooo  miles. 
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OMtive.  The  pari6ed  gas  is  beliered  to  contain  the  following  sub- 
ttances,  of  which  the  tint  is  most  abundant,  and  the  second  most 
valuable  : — 

-Light  carbonetted  hydrogen. 

OleBant  gas. 

Hydrogen. 

Carbonic  oxide. 

Nitrogen. 

Vapours  of  volatile  liquid  carbides  of  hydrogen.* 

Vaponr  of  bisulphide  of  carbon. 

Separated  by  Condensation  and  by  the  Purifiers, 

Tar  and  volatile  oils. 

Sulphate  of  ammonia,  chloride  and  sulj^de  of  ammonium « 

Sulphuretted  hydrogen. 

Carbonic  acid. 

Hydrocyanic  acid,  or  cyanide  of  ammonium. 

Hydrosulphocyanic  acid,  or  sulphocyanide  of  ammonium. 

A  very  far  better  illuminating  gas  may  be  pi'epared  from  oil,  by 
dropping  it  into  a  red-hot  iron  retort  filled  with  coke:  the  liquid  is  in 
gi-eat  jmrt  decomposed  and  converted'  into  permanent  gas,  which  ve* 
quires  no  purification,  as  it  is  quite  fi'ee  from  the  ammoniacal  and 
ftuJphur  compounds  which  vitiate  gas  from  coal.  Many  years  ago  this 
article  was  prepared  in  London ;  it  was  compressed  for  the  use  of  the 
consumer  into  strong  iron  vessels,  to  the  extent  of  30  atmospheres ; 
these  were  fumi^ed  with  a  screw-valve  of  peculiar  construction,  and 
exdumged  for  others  when  exhausted.  The  comparative  high  price  of 
the  material,  and  other  circumstances,  led  to  tlie  abandonment  of  the 
undertaking.  On  the  Continent,  gas  is  now  extensively  prepared  from 
wood, 

OOMBCSTION,  AND  THE  STBUCTURE  OF  FLAMB. 

'  When  any  solid  substance,  capable  of  bearing  the  fire,  is  heated  to 
a  certain  point,  It  emits  light,  the  character  of  which  depends  upon 
the  tempehiture.  Thus,  a  bar  of  platinum  or  a  piece  of  porcelain, 
raised  to  a  particular  temperature,  becomes  what  is  called  red-hot,  or 
emissive  of  red  light :  at  a  higher  degree  of  heat  this  light  becomes 
whiter  and  more  intense,  and  when  urged  to  the  utmost,  as  in  the  case 
of  a  piece  of  lime  placed  in  the  flame  of  the  oxyhydrogen  blowpipe, 
the  light  becomes  exceedingly  powerful,  and  acquires  a  tint  of  violet. 
Bodies  in  these  stiites  are  said  to  be  incandescent  or  ignited. 

Again,  if  the  same  experiment  be  made  on  a  piece  of  charcoal,  simi- 
lar efiects  will  be  observed,  but  something  in  addition ;  for  whereas 

*  These  bodies  bicreate  tlie  iUuminating  power,  and  conf^  on  the  gas  its 
ptcaUac  odour. 

O 
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the  pifttinam  or  porcelain,  when  removed  from  the  fire,  or  the  lim^ 
6noaithe  blowpipe  iUime,  begin  immediately  to  cool,  and  emit  less  and 
less  light,  until  they  become  completely  obscnre,  Uie  charcoal  main- 
tains to  a  great  extent  its  high  temperature*  Unlike  the  other4x>die8, 
too,  which  suffer  no  change  whatever,  eiCher  of  \reight  or  substance, 
the  charcoal  gradually  wastes  away  until  it  disappears.  This  is  what 
is  called  comhustiony  in  contradistinction  to  mere  ignition ;  the  char- 
coal bums,  and  its  temperature  is  kept  up  by  the  heat  evolved  in  the 
act  of  union  with  the  oxygen  of  the  air« 

In  the  most  genera)  sense,  a  body  in  a  state  of  combustion. is  one  in 
the  act  of  undei^oing  intense  chemical  action:  any  chemical  acticm 
whatsoever,  if  its  energy  rise  sufficiently  high,  may  produce  the  phe- 
nomenon of  conibustion,  by  heating  the  body  to  such  an  extent  that  it 
becomes  luminous. 

In  all  ordinary  casea  of  combustion,  the  action  lies  between  the 
burning  body  and  the  oxygen  of  the  air ;  and  since  the  materials  em« 
ployed  for  the  economical  production  of  heat  and  light  consist  of  car- 
bon chiefly,  or  that  substance  conjoined  with  a  certain  proportion  of 
hydrogen  and  oxygen,  all  common  effects  of  this  nature  are  cases  of 
the  rapid  and  violent  oxidation  of  carbon  and  hydrogen  by  the  aid  of 
the  free  oxygen  of  the  air»  The  heat  must  be  refenred  to  the  act  of 
chemical  union,  and  the  light  to  the  elevated  temperature. 

By  this  principle  it  is  easy  to  understand  the  means  which  must  be 
adopted  to  increase  the  heat  of  ordinary  fires  to  the  point  necessary  to 
melt  refractory  metals,  and  to  bring  about  certain  desired  effects  of 
chemical  decomposition.  If  the  rate  of  consumption  of  the  fuel  can 
be  increased  by  a  more  rapid  introduction  of  air  into  the  burning 
mass,  the  intensity  of  the  heat  will  of  necessity  rise  in  the  same  ratio, 
there  being  reason  to  believe  that  the  quantity  of  heat  evolved  is  fixed 
find  definite  for  the  same  constant  quantity  of  chemical  action.  This 
increased  supply  of  air  may  be  effected  by  two  distinct  methods :  it 
may  be«forced  into  the  fire  by  bellows  or  blowing  machines,  as  in  the 
common  forge,  and  in  the  blast  and  cupola-furnaces  of  the  iron 
worker,  or  it  may  be  drawn  through  the  burning  materials  by  the 
help  of  a  tall  chimney,  the  fireplace  being  closed  on  all  sides,  and  no 
«itranoe  of  air  allowed,  save  betwem  the  bars  of  the  grate.  Such  is 
the  kind  of  furnace  generally  employed  by  the  scientific  chemist  in 
assaying  and  in  liie  reduction  of  metallic  oxides  by  charcoal :  the  prin- 
ciple will  be  at  once  understood  by  the  aid  of  the  sectional  drawing, 
in  which  a  cradble  is  represented,  arranged  in  the  fire  for  an  opera* 
tion  of  the  kind  mentioned.     (Fig.  I'^O.) 

•  The  "  reveiberatory  "  furnace  is  one  very  much  used  in  the  arts 
when  substances  are  to  be  exposed  to  heat  without  contact  with  the 
fuel.  The  fire-chamber  n  separated  from  the  bed  or  hearth  of  the 
furnace  by  a  low  wall  or  bridge  of  brick-work,  and  the  fiame  and 
heated  air  are  reflected  downwards  by  the  arched  form  of  the  roof. 
Any  degree  of  heat  can  be  obtained  in  a  furnace  of  this  kind,  from  the 
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tonperatnra  of  dall  rediMU.  to  lluit  rcqnind  [o  latlt  leiyliir^  qmn- 
titia  of  caFt  iroD.  Tfa«  tire  !■  arged  bj  ■  chimufj,  prorided  will)  ft 
ilUiag-fiMe  or  dimper  to  ngulata  tli«  draught. 


Solids  and  liquidi.  u  meltod  mrtal,  mjay,  wbeo  •nffieimll^r  tinted, 
the  liictiltf  of  cmitUng  ligbt ;  Ui«  ume  lewer  is  poswaied  bj  gunus 
bodio,  bat  Ihe  teaip«rature  nqiiiivd  ts  render  a  g»  luuiooui  i>  in- 
comparablj  hie;hcr  ttum  in  tbs  caaea  almdj  dncribed.  GniorTHponr 
in  tbii  coiiditioa  conatitulea  flame,  tb<  actual  temptritura  of  which 
gHierallj  uceedi  Hut  of  tba  white  heat  of  uiid  bodio. 

Th<t  light  emiUed  Irom  pure  flune  ii  eicndingl^  (rrblr:  illunii- 
TaMag  power  is  aimiHl  eotirtlj'  dependent  upon  the  presence  of  wlid 
matter.  The  Same  of  hjdrogen,  or  of  iht  miied  gasea,  is  Karcely 
Tiilble  in  liill  daylight:  in  a  duttj  almosphere,  howeTtr,  it  beconiea 

partkla  with  which  it  comet  in  contact.  The  piece  of  lime  in  the 
blowpipe  flame  caonot  have  a  higher  temperature  th<in  that  of  tho 
Stmt  itceir ;  yet  the  Ught  it  throws  off  i>  infintlelj  greater. 

There  are  olhw  conditions  which  affect  the  Inmination  of  Bsnie. 
Dr.  Frankland  recaiU;  fouod  that,  under  different  Btmoiplieiic  prat- 


196 


COMBUgTIOK,   AKD 


( 


sure,  the  lominosify  of  flame  varies,  'being  greater  under  increased  and 
leas  under  diminished  pressure,  althou^  the  rate  of  material  consumed 

.during  the   combustion  remains,  according  to 
Fig.  122.  his  experiments,  pretty  constant.    The  raria- 

tion  appears  to  be  due  to  the  more  or  less  ready 
access  of  oxygen  to  the  flame. 

Flames  burning  in  the  air,  and  not  supplied 
with  oxygen  from  another  sout'ce,  are,  as  al* 
ready  stated,  hollow ;  the  diemioal  action  is 
necessarily  confined  to  tlie  spot  where  the  two 
bodies  unite.  That  of  a  lamp  or  candle,  when 
carefully  examined,  is  seen  to  consist  of  three 
separate  portions.  The  daric  central  part,  easily 
rendered  evident  by  depressing  upon  the  flame 
a  piece  of  fine  wii^gauze,  consists  of  combu»- 
tible  matter  drawn  up  by  the  capillarity  of  the 
wick,  and  volatilized  by  the  heat.  This  is  sur- 
rounded by  a  highly-luminous  cone  or  envelope, 
which,  in  contact  with  a  cold  body,  deposits 
Fig.  123.  g^^  Qq  ^q  outside  a  second  cone  is  to  be 
j,{>  traced,  feeble  in  its  l{ght-gi>'ing  power,  but 
having  an  exceedingly  high  temperature.  The 
explanation  of  these  appearances  is  easy :  cai'bon 
and  hydrogen  are  veiy  unequal  in  their  attrac- 
tion for  oxygen,  the  latter  greatly  exceeding  the 
former  in  this  respect:  consequently  when  both 
are  present,  and  the  supply  of  oxygen  limited, 
the  hydrogen  takes  all,  to  the  exdusion.of  n 
great  part  of  the  carbon.  Now  this  happens  in 
the  case  under  consideration  at  some  little  dis- 
tance within  the  outer  surface  of  the  flame, 
namely,  in  the  luminous  portion;  tho  little 
oxygen  which  has  penetrated  thus  far  inwards 
is  entirely  consumed  by  the  hydrogen,  and  the 
particles  of  deposited  charcoal,  which  would, 
were  they  cooler,  form  smoke,  become  intensely 
ignited  by  the  burning  hydix)gen,  and  evolve  a 
light  whose  whiteness  marks  a  very  elevated 
temperature.      In  the  exterior    and    scarcely 

8  risible  cone,  these  particles  of  carbon  undei^ 

combustion. 
A  jet  of  coal-gas  exhibits  these  phenomena; 
but,  if  the  gas  be  previously  mingled  with  air, 
or  if  air  be  forcibly  mixed  with,  or  driven  into 
the  flame,  no  such  separation  of  carbon  occurs, 
the  hydrogen  and  carbon  bum  together,  and  the  illuminating  power 
almost  disappears. 
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The  common  mouth  hloirpipe  it  i  little  instrument  of  gnat  utilttr ; 
it  iimeidf  K  brnsa  tube  fitted  with  im  ivory  mouth -piece,  >Ld  ter- 
minated by  a  jet,  having  n  tmnll  aperture  bj  which  a  current  of  lir  it 
driTcn  acrou  the  flame  of  ii  nudle.  The  beat  form  is  perhipi  tbit 
antri*ed  by  Mr.  Fepjg,  md  figured  ia  the  margiD.  The  dame  lo 
|codu«d  ia  verj  peculiiir. 

Inlod  of  the  double  enTclope  just  described,  two  liiDg  poiolrf 
earns  Me  ohsenred,  which  when  the  bluwp-pe  is  good,  and  the  Bpertnre 
■ouatb  and  round,  ue  thj  well  dtfined,  the  outer  cone  being  jellowiih, 
iDd  the  inner  blue.  A  double  combustioa  ia,  in  fact,  going  on,  b;  the 
blast  in  the  inside,  and  hf  the  exter- 
nal air.  The  apace  between  the  Inner  Fig-  'M. 
and  outer  oonee  ia  filled  with  elceed- 
Bgly  hot  (timbLitilible  matter,  po93«a- 
iog  rtrong  reducing  or  deoiidiiing 
powers  while  the  highly  heated  air 
just  beyond  the  point  of  the  eiterior 
oone  oiidizea  with  great  facility.  A 
Enall  portion  of  matter,  svpported  on 
a  piece  of  chii-coal,  or  Hied  in  &  rli^ 
at  the  end  of  a  fine  pUtinum  wire, 

very  high  degree  of  heat  under  these  ' 

ccotrasted  circumslaocei,  and  obaerTHtioas  of  great  value  ma^e  in  ■ 
tery  abort  time.  The  ose  of  the  instrument  requirta  an  even  and 
unintemipted  blast  of  some  duration,  by  a  method  easily  acquired 
with  a  little  patience:  it  conaJsts  in  employing  for  the  purpose  tbe 
rDiucIea  of  thccheeka  alone,  respiration  being  conducted  through  tbe 
njjatrrls,  and  the  mouth  from  lime  to  timi 
out  intermisaion  of  the  blast 


Tbe  Argood  lamp,  adapted  tt>  him  tither  oil  or  ipirit,  but  e 
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dally  the  latter,  is  a  rery  vsefal  piece  of  chemical  apparatus.  In  ttiis 
lamp  the  wick  is  cylindrical ,  the  flame  being  supplied  with  air  both 
inside  and  outside :  the  combustion  is  greatly  aided  by  the  chimney, 
which  is  made  of  copper  when  the  lamp  is  used  as  a  souree  of 
heat. 

The  aeoompanying  drawing  exhibits,  in  section,  an  excellent  lamp  o£ 
lliiB  kind  for  burning  alcohol  or  wood -spirit.  It  is  constructed  of  thin 
copper,  and  furnished  with  ground  caps  to  the  wick -holder  and  aper- 
ture* by  which  the  spirit  is  introduced  fn  order  to  prevent  loss  when 
the  lamp  is  not  in  use.  Glass  spirit-lamps,  fitted  with  caps  to  prevent 
evaporation,  are  very  convenient  for  occasional  use,  being  always  ready 
and  in  order. 

In  London,  and  other  large  towns,  where  coal-gas  is  to  be  had,  it  is 
constantly  used  with  the  greatest  economy  and  advantage  in  every 

respect  as  a  source  of  heat.  Retorts,  flasks, 
capsules,  and  other  vessels,  can  be  thus 
exposed  to  an  easily-regulated  and  inva- 
riable temperature  for  many  successive 
hours.  -  Small  platinum  crucibles  may 
be  ignited  to  redness  by  placing  them 
over  the  flame  on  a  little  wire  triangle. 
The  arrangement  shown  consisting  of  a 
common  Argand  gas-burner  fixed  on  a 
heavy  and  low  foot,  and  connected  with 
a  flexible  tube  of  caoutdiouc  or  other  ma- 
terial, leaves  nothing  to  desire. 

The  kindling-point,  or  temperature  at 
which  combusti(Hi  commences,  is  very 
difierent-  with  difierent  substances :  phos- 
phorus will  sometimes  take  fire  in  the 
hand ;  sulphur  requires  a  temperature  exceeding  that  of  boiling  water ; 
charcoal  must  be  heated  to  redness.  Among  gaseous  bodies  the  same 
fact  is  observed :  hydrogen  is  inflamed  by  a  red-hot  wire :  carbonetted 
hydrogen  requires-  a  white  heat  to  eflect  the  same  thing.  When 
flame  is  cooled  by  any  means  below  the  tem[perature  at  which  the 
rapid  oxidation  of  the  combustible  gas  occurs,  it  is  at  once  extin- 
guished. Upon  this  depends  the  principle  of  Sir  H.  Davy*s  invaluable 
safety-lamp. 

Mention  has  already  been  made  of  the  frequent  disengagement  of 
great  quantities  of  light  carbonetted  hydrogen  gas  in  coal  mines.  This 
gas,  mixed  with  seven  or  eight  times  its  volume  of  atmospheric  ur, 
becomes  highly  explosive,  taking  fire  at  a  light,  and  burning  with  a 
pale-blue  flame  \  and  many  fearful  accidents  have  occurred  from  the 


*  When  In  use  this  aperture  must  always  be  open,  otherwise  an  accident  la 
sore  to  happen;  the  heat  expands  the  air  in  the  lamp^  and  the  apirit  la  forced 
oat  in  a  state  of  Inflammation. 
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jpiilioD  of  l*rgt  qnantitin  of  miicd  gai  and  HrMcnpyingthstilen- 
SK  ^lerin  and  mirkings  of  >  mint.  Sir  H.  Dsvf  andfrtaiik  an 
iDTMtigntion  vitb  >  riew  to  ducovtr  unie  rtmed)'  ibr  this  conslwitly- 
.(■ecuning  cslBOiitj:  hb  taboun  reiiilwd  in  soiae  tiMslingl]-  im- 
porUot  diacoTerie*  retpecting  flume,  of  which  the  rubatiiDce  )ia  hem 
gJTen,  and  vhich  led  lo  th«  cotutruction  of  tbe  Ump  whidt  bean  bis 

When  two  Tesael*  filltd  wilh  a  gawoat  eiploaiTt  miiturt  tjv  con- 
iMctHl  b;  a  DBjTuw  tub«,  and  tfa<  contmU  of  one  fired  bj  die  electric 
■park,  or  ath^nriie,  the  flume  is  not  t'oaimunicated  to  the  other,  pro- 
Tidtd  the  diameter  of  the  tube,  id  length,  aod  the  conducting  power 
far  beat  of  itA  mntertol,  bear  a  certun  propoitioo'  to  each  other  ;  the 
-6aaie   ia  evliiiguiahed   hj  moling,  and  iti  tnuumisaion  renden^l  itn- 

lo  thi«  eiperimcnt  high  condncting  power  and  diminiihtd  dianiet«r 
compsiaate  for  dltninutioo  in  length  ;  and  to  inch  an  eiieot  can  thii 
be  carried,  that  metallic  gnuie,  which  ma^  be  looked  upon  u  ft  series 
of  lery  short  square  tub«  arranged  aide  bj  aide,  armts  in  the  most 
complete  manner  the  pxssige  of  flame  in  eiploaive 
miituiei,  wbeu  of  sallicieal  degree   of   tineneu,  ng.  iss. 

depending  upon  the  inflsmmabilit;  of  the  gas. 
Uoat  proiideotlally  the  flre-damp  mixture  baa  an 
ficeedingly  high  kindling  point;  a  i«d  beat  doet 
not  caiue  inflamaialiDn ;  consequently,  tbv  gauie 
will  be  safe  fur  this  auUtance,  when  flame  would 
pass  in  alnioat  anj  alber  case. 

The  millet's  safety  bimp  it  merely  an  ordinary 
oil'lamp,  the  flame  of  which  it  enclosed  in  a  cage  of 
wire  gauie;  made  double  at  tbe  upper  part  con- 
taining about  400  apertures  to  tlie  nquan  inch. 
The  tube  for  supplying  oil  lo  the  reserroir  readies 
nearly  to  the  bottom  af  the  lattei-,  while  the  wi<:k 
admits  of  being  trimmed  hy  a  bent  wire  pnising 
witfa  friction  through  a  small  tube  in  the  body  of 
the  lamp  ;  the  flame  can  thus  be  kept  bumiag  for 
aoy  length  of  time,  without  the  necessity  of  un- 
icniung  tbe  cage.  When  thii  lamp  ii  taken  into 
an  eipJosive  atmosphere,  although  the  fire-damp 
mav  bum  withia  the  cage  with  such  energy  as 

neu,  the  flame  ia  not  oiinmuDicated  to  the  mii- 
ture  on  the  outside. 


tt  flrat  elongated,  and  IheD,  a 
eitioguiahed,  while  the  interior  of  tl      _ 
With  the  bnnilDg  miiture  of  gss  and  air.    Ai  tbe  atmosjilieie  becomei 
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purer,  liw  wick  w  once  more  relighted.  These  appearanoes  are  so  re- 
markable that  the  lamp  becomes  sn  admirable  indicator  of  the  state  of 
the  air  m  different  parts  of  the  mine.* 

The  same  great  principle  has  been  ingenioasly  applied  by  Mr. 
Herommg  to  the  construction  of  the  oxyhydrogen  safety  Jet  before  men- 
tioned. This  IS  a  tabe  of  brass  about  four  inches  long,  filled  wifJi 
stoiight  pieces  oi  fine  brass  wire,  the  whole  being  tightly  wedged  toge- 
ther by  a  pointed  rod,  forcibly  driven  into  the  centre  of  the  bundle. 

The  arrangement  thus  presents  a  series  of  me- 
tallic tubes,  very  long  in  proportion  to  their 
diameter,  the  cooling  powers  of  which  are  so 
great  as  to  prevent  the  possibility  of  the  passage 
of  flame,  even  with  oxygen  and  hydrogen.  The 
jet  may  be  used,  as  before  mentioned,  with  a 
common  bladder,  without  a  chance  of  explo- 
sion. The  fundamental  fiict  of  flame  being 
extinguished  by  contact  with  a  cold  body, 
may  be  elegantly  shown  by  twisting  a  copper 
.  wire  into  a  short  spiral,  about  0*1  inch  in 
diameter,  and  then  passing  it  cofd  over  the 
flame  of  a  wax  candle;  the  latter  is  exiin- 
guished.  If  the  spiral  be  now  heated  to  red- 
ness by  a  spirit-lamp,  and  the  experiment  re* 
peated,  no  such  effect  follows. 

Fig.  130. 
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When  powdered  sal-ammoniac  is  mixed  with  moist  hydrate  of  lime, 
and  gently  heated  in  a  gla^s  flask,  a  lai^  quantity  of  gaseous  matter  is 
disengaged,  which  must  be  collected  over  mercury,  or  by  displacement, 
advantage  being  taken  of  its  low  specific  gravity. 

Ammoniacal  gas  thus  obtained  is  colourless ;  it  has  a  very  powerfully- 
pungent  odour,  and  a  strong  alkaline  reaction  to  test-paper,  by  which 
it  may  be  at  once  distinguished  from  nearly  all  other  bodies  possessing 


*  This  Is  the  true  use  of  the  lamp.— namely,  to  permit  the  viewer  or  super- 
intendent, without  risk  to  himself,  to  examine  the  stitte  of  the  air  In  every  part 
bf  the  mine ;  not  to  enable  workmen  to  continne  their  labours  in  an  atmosphere 
habitually  explosive,  whldi  must  be  unflt  for  human  respiration,  althongh  the 
evil  effects  may  be  slow  to  appear.  Owners  of  coal-mines  shoold  be  compelled 
either  to  adopt  eflSdent  means  of  ventilation,  or  to  close  workings  of  this  dan* 
gerons  character  altogether. 
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the  fame  phjsinal  chnracteirs.  Under  a  presaare  of  6  *  5  atmospheres  at 
60°  (1 5°'5C),  ammonia  condenses  to  the  liquid  foim.  Water  dissolves 
aboot  700  times  its  Tolume  of  this  remarkable  gas,  forming  a  solution  , 
which  iu  a  more  dilute  state  has  long  beeo  known  under  the  name  of 
liquor  eunmcnuB ;  hj  heat,  a  great  pait  is  sgain  expelled.*  The  solution 
is  decMDposed  by  chlorine,  sal-ammoniac  being  formed,  and  nitrogen  set 
five. 

Ammonia  has  a  density  of  0*589  ;  100  cubic  inches  weigh  18' 26 
grains.  It  c»nnot  be  formed  by  the  direct  um'on  of  its  elements, 
althoagh  it  is  sometimes  produced  under  rather  remarkable  circum- 
stanopB  by  the  deozidatlon  of  nitric  acid^t  The  great  sources  of  ammonia 
are  the  feebly-compounded  azotized  principles  of  the  animal  and  vege- 
table kingdoms,  which,  when  left  to  putrefactive  change,  or  subjected 
to  destructive  di&tillation,  almost  invariably  give  rise  to  an  abundant 
production  of  this  substance. 

The  analysis  of  ammoniacal  gas  is  easily  effected.  When  a  portion 
b  confined  in  a  graduated  tube  over  mercur}*,  and  electric  sparks 
passed  through  it  for  a  considerable  time,  the  volume*  of  the  gsis 
gradoally  inci  eases  until  it  becomes  doubled.  On  examination,  tlie 
tube  is  found  to  contain  a  mixture  of  3  measures  hydrogen  gas  and 
1  measure  nitrogen.  Every  two  volumes  of  the  ammonia,  therefore, 
contained  three  volumes  of  hydrogen  and  one  of  nitrogen,  the  whole 
being  condensed  to  the  extent  of  one-half.  The  weight  of  the  two 
constituents  will  be  in  the  proportion  of  3  parts  hydrogen  to  14  parts 
nitiogen. 

Ammonia  may  also  be  decomposed  into  its  elements  by  transmission 
through  a  red-hot  tube. 

Solution  of  ammonia  is  a  very  valuable  reagent,  and  is  employed  in 
a  great  number  of  chemical  operations,  for  some  of  which  it  is  neces- 
sary to  have  it  perfectly  pure.  The  best  mode  of  preparation  is  the 
following: — 

Equal  weights  of  sal-ammoniac  and  quicklime  are  taken ;  the  lime  is 
slaked  in  a  covered  basin,  and  the  salt  reduced  to  powder.  These  are 
mixed  and  introduced  into  the  flask  employed  in  piepaiing  solution  of 
hydrochloric  acid4  together  with  just  enough  water  to  damp  the  miz- 

*  A  ooDcentrated  solution  of  ammonia'^  has  'recently  been  employed  by 
11.  Curd  for  producing  intense  cold  (for  the  manufacture  of  Ice).  The  appa- 
ratus used  for  this  purpose  oonaists  of  two  strong  Iron  (flinders  connecteti 
by  tubes;  the  one  qylinder  contains  the  solution  of  ammonia,  the  other  is 
empty;  the  whole  apparatus  being  perfectly  air-tight  The  empty  cylinder 
is  now  cooled  with  water,  and  the  other  cylinder  Is  gently  warmed.  The 
ammonia  escapes  flrom  the  solution,  and  Is  condensed  by  Its  own  pressure  In 
the  cooled  cylinder.  If  the  source  of  iieat  be  now  removed,  the  liquefied  ammo- 
nia is  again  absorbed  by  the  water,  and  the  heat  necessary  for  its  transformation 
into  vapour  being  taken  flrom  the  iron  vessel,  the  water  surrounding  it  Is 
converted  inCe  ice :  by  this  process  the  temperature  may  be  reduced  to  i°  (15<H^. 

-f  A  mode  of  converting,  by  a  succession  of  chemical  operations,  the  nitrogeu 
of  the  atmosphere  into  ammonia  will  be  found  under  the  head  of  Cyanogen, 

I  See  fig.  116,  p.  173. 
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tare,  and  cause  it  to  aggregate  into  lamp; ;  the  re&i  of  the  apparatus  is 
arranged  exactly  as  in  the  foimer  case,  with  on  ounce  or  two  of  water 
in  the  wash-bottle,  or  enough  to  cover  the  ends  of  the  tubes,  and  the 
gas  conducted  afterwards  into  pure  distilled  water,  artificially  cooled  as 
before.  The  cork-joints  are  made  tight  with  wax,  a  little  mercury  is 
put  into  the  safety-funnel,  heat  cautiously  applied  to  the  flask,  and  the 
whole  left  to  itself.  The  disengagement  of  ammonia  is  very  regular 
and  uniibrm.  Chloride  of  calcium,  with  excess  of  hydrate  of  lime, 
remains  in  the  flask. 

The  decomposition  of  the  salt  is  usually  represented  in  the  manner 
shown  by  the  following  diagram : — 

!  Ammonia Ammonia. 
Hydrochloric  I  Hydrogen ^^5^-  Water, 
add  •         J  Chlorine^ 


Lime.        .    /^f*"""^  ^-^^  Chloride  of 

.1  Calcium — — ^  calcium.* 

Solution  of  ammonia  should  be  perfectly  colourless,  leave  no  residue 
on  evapotation,  and  when  supersaturated  by  nitric  acid,  gire  no  cloud 
or  muddiness  with  nitrate  of  silver.  Its  density  diminishes  with  its 
strength,  that  of  the  most  concentrated  being  about  0*875:  the  value 
in  alkali  of  any  sample  of  liquor  aromonife  is  most  safely  infen'ed,  not 
from  a  knowledge  of  its  density,  but  from  the  quantity  of  acid  a  given 
amount  will  saturate.  The  mode  of  conducting  this  experiment  wiH 
be  found  described  under  Alkalimetry, 

When  solution  of  ammonia  is  mixed  with  adds  of  various  kinds,  salts 
are  generated,  which  resemble  in  the  most  complete  manner  the  corre- 
sponding compounds  of  potassa  and  sodn:  the^e  are  best  discu^8ed  in 
connexion  with  the  latter.  Any  ammoniacal  salt  can  at  once  be  recog- 
nized by  the  evolution  of  ammonia  when  it  is  heated  with  hydiate  of 
iime,  or  solution  of  potassa  or  soda. 


NITROGEN  AND  BOBON, 

A  combination  of  nitrogen  with  boron  was  flrst  obtained  by  Balmain. 
Wohler  prepared  it  by  mixing  one  part  of  pure  dry  borax  with  two 
parts  of  dry  sal-ammoniac,  heating  to  redness,  boiling  with  water  and 
hydrochloric  add,  Altering  and  washing  with  hot  water,  when  the  com^ 
pound  remained  in  the  form  of  a  white  powder.  As  yet  it  has  not 
been  obtained  quite  free  from  oxygen. 

•  jni^Cl       +       CaO      =      NH3        + 

SiU-ammonlAc         Lime.  Ammonia,  Cbloride  of 

caldom. 
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SULPHUR,  SELENIUM,  AND  PHO6PH0R08  WITH  HTDROOEN. 

SvXpJutretted  Hydrogen;  Sydnuviphunc  Add, — There  are  two 
methods  by  which  this  important  compound  can  be  readily  prepared, 
namely,  by  the  action  of  dilute  sulphuric  acid  upon  sulphide  of  iron, 
and  by  the  decompoaition  of  tersulphide  of  antimony  by  hydrochloric 
acid.  The  first  method  yields  it  most*  easily,  and  the  second  in  the 
purest  state. 

Protosulphide  of  iron  is  put  into  the  apparatus  for  hydrogen,  already 
sereral  times  mentioned,  together  with  some  water,  and  oil  of  vitriol 
H  added  by  the  funnel,  until  a  copious  disengagement  of  gas  takes 
place.  This  is  to  be  collected  over  tepid  water.  The  reaction  is  thus 
explained : — 

Suli^ideofiron  {f^^l^"^ ——;^::^Sul^hwrfitiedhYdr<^. 

Wat«-                   I  Hydrogen  xC^ 
Water    .        .    |  ^^^^^  --^^^^^^^^^ 

Salphniic  add ' ^*- Sulphate  of  protoxide  of 

iron,* 

•  By  the  other  plan,  finely-powdered  tersulphide  of  antimony  is  put 
into  a  flask,  to  which  a  cork  and  bent  tube  can  be  adapted,  and  strong 
liquid  hydrochloric  acid  poured  upon  it.  On  the  application  of  heat,  a 
double  interchange  occurs  between  the  bodies  present,  sulphuretted 
hydrogen  being  formed  and  terchloride  of  antimony.  The  action  only 
lasts  while  the  heat  is  maintained. 

Hydrochloric  <«ad  {  ^^^^^^^^---^    Sulphuretted  hydrogeu. 


Sulphide  of  anti-  i  Sulphur  

mony    «         •  \  Antimony -^""^   Chloride  of  anUmony.f 

.  Sulphnretted  hydrogen  is  a  colourless  gas,  having  the  odour  of 
.  putrid  eg^ ;  it  is  most  offensive  when  in  small  quantity,  when  a  mere 
trace  is  present  in  the  air.  It  is  not  irritating,  but,  on  the  contrary, 
powerfully  narcotic.  When  set  on  fire,  it  burns  with  a  blue  flame,  pro- 
ducing water  and  sulphurous  acid  when  the  supply  of  air  is  abundant ; 
and  deponting  sulphur  when  tlie  oxygen  is  deficient.  Mixed  with 
chlorine,  it  is  instantly  decomposed,  with  separation  of  the  whole  of  the 
sulphur. 

•  FeS       i-       HOJSO3       =s         H8       =        FeO^Os 

Sulphide  Sulphuric  Sulphuretted  Sulphate 

ofuron.  acid,  hydrogen.  of  protoxide 

of  Iron. 
+      SbSg         4-  3Ha  =s  8H8         4*  SbCla 

Tersulphide        .  Hydrochloric  Sulphuretted  Terchloride 

of  antimony.  add.  hydrogen.  of  antimony.    . 


20^  PEB8ULPHIDE  OF  HYDBOGBK. 

This  gas  has  a  specifiG  gravity  of  X'l71 ;  100  cubic  inches  weigh 
36 '  33  grains. 

A  pressure  of  17  atmospheres  at  50°  (lO^C)  reduces  it  to  the  liquid 
form.  Cold  water  dissolves  its  own  volume  of  sulphuretted  hy- 
drogen, and  the  solution  is  oCten  directed  to  be  kept  as  a  test :  it  is 
80  prone  to  decomposition,  however,  by  the  oxygen  of  the  air,  that  it 
speedily  spoils.    A  much  better  plan  is  to  keep  a  little  apparatus  for 

generating  the  gas  always  at  hand,  and 
Fig.  131.  ready  for  tise  at  a  moment's  notice.     A 

small  bottle  or  flask,  to  which  a  bit  of 
bent  tube  is  fitted  by  a  cork,  is  supplied 
with  a  little  sulphide  of  iron  and  water; 
when  required  for  use,  a  few  drops  of 
oil  of  vitriol  are  added,  and  the  gas  is 
at  once  evolved.     The  experiment  com- 
pleted, the  liquid   is  poured   from   the 
bottle,  replaced  by  a  little  clean  water, 
and   the  apparatus  is   again  ready  for 
use. 
When  potassium  is  heated  in  sulphuretted  hydrogen,  the  metal  bums 
with  great  energy,  becoming  convei*ted  into  sulphide,  while  pure  hy- 
drogen remains,  equal  in  volume  to  the  original  gas.    Taking  this  fact 
into  account,  and  comparing  the  density  of  the  gas  with  those  of 
hydrogen  and  sulphur-vapour,  it  appeal's  that  every  volume  of  sul- 
phuretted hydrogen  contains  one  volume  of  hydrogen  and  }  of    n 
volume  of  sulphur-vapour,  the  whole  condensed  into  one  volume. 
This  corresponds  very  nearly  with  its  composition  by  weight,  deter- 
mined by  other  means,  namely  16  parts  sulphur  and  1  part  hydrogen. 
When  a  mixture  is  made  of  100  measures  of  sulphuretted  hydrogen 
4nd  1 50  measures  of  pure  oxygen,  and  exploded  by  the  electric  spark, 
complete  combustion  ensues,  and  100  measures  of  sulphurous  acid  gas 
result. 

Sulphuretted  hydrogen  is  a  frequent  product  of  the  putrefaction  of 
oi^anic  matter,  both  animal  and  vegetable ;  it  occurs  also  in  certain 
mineral  springs, as  at  Harrowgate,  and  elsewhere.  When  accidentally 
present  in  tlie  atmosphere  of  an  apartment,  it  may  be  instantaneously 
destroyed  by  a  small  quantity  of  dilorine  gas. 

There  are  few  reagents  of  greater  value  to  the  practical  chemist  than 
this  substance:  when  brought  in  contact  with  many  metallic  solutions, 
it  gives  rise  to  precipitates,  which  are  often  exceedingly  characteristic 
in  appearance,  and  it  frequently  aflbrds  the  means  also  of  separating 
metals  from  each  other  with  the  greatest  precision  and  certainty.  The 
precipitates  spoken  of  are  insoluble  sulphides,  formed  by  the  mutual 
decomposition  of  the  metallic  oxides  or  chlorides  and  sulphuretted  hy- 
drogen, water  or  hydrochloric  acid  being  produced  at  the  same  time. 
All  the  metals  are,  in  fiict,  precipitated,  whose  sulphides  are  insoluble 
in  water  and  in  dilute  adds. 
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Siilphnretted  bydrogen  possesses  itself  the  properties  of  an  acid  ;  its 
solation  in  water  reddens  litmus  paper. 

The  hest  test  for  the  presence  of  this  compound  is  paper  wetted  with 
ftolntion  of  acetate  of  lead.  This  salt  is  blackened  by  the  smallest  trace 
of  the  gaa. 

Feraulphide  of  Hydrogen. — ^This  substance  corresponds  in  oonstitu* 
tion  and  instability  to  the  binoxide  of  hydrogen  ;  it  is  prepared  by  the 
following  means : — 

Eqoal  weightS'of  slaked  lime  and  Howers  of  sulphur  ai-e  boiled  with 
5  or  6  parts  of  water  for  half  an  hour,  when  a  deep  orange-coloured 
eolation  is  proJaced,  containing,  among  other  things,  persulphide  of  calr 
cinm.  This  is  filtered,  and  slowly  added  to  an  excess  of  dilute  sulphuric 
acid,  with  constant  agitation.  A  white  precipitate  of  separated  sulphur 
and  sulphate  of  lime  makes  its  appearance,  together  with  a  quantity  of 
yellow,  oily-looking  matter,  which  collects  at  the  bottom  of  the  vessel : 
this  is  persulphide  of  hydrogen.'*' 

If  the  experiment  be  conducted  by  pouring  the  acid  into  the  solution 
of  salphide,  then  nothing  but  finely-divided  precipitated  sulphur  is 
obtained. 

The  persulphide  is  a  yellow,  viscid,  insoluble  liquid,  exhaling  the 

odour  of  sulphuretted  hydrog^i ;  its  specific  gravity  is  1 '  769.     It  is 

slowly  decomposed  even  in  the  cold  into  sulphur  and  sulphuretted 

hydrogen,  and  instantly  by  a  higher  temperature,  or  by  contact  with 

many  metallic  oxides.     This  compound   probably  contains  twice  as 

much  sulphur  in  relation  to  the  other  element  as  sulphuretted  hy- 

drogen.t 

*  Tbe  reaclfon  which  ensues  when  hydrate  of  Ume,  snlphurr  and  water  are 
boiled  together  is  rather  complex,  bisulphide  or  pentasulphide  of  calcium  being 
fomofid,  together  with  hyposulphite  of  lime,  arising  from  tbe  transrer  of  tbe 
oxygen  of  tbe  decomposed  lime  to  anoiher  portion  of  sulphur 

0  -«  ii«-  i  a  eq-  calcium -^z:^  2  eq.  bisulphide  of  caldom. 

3 eq. lime  ^^^  ^^j^. 

1  eq.  lime 
4  eq.  sulphur 
a  eq.  solphur ^=2^:>  1  eq.  hyposulphite  of  Ibne. 

30aO      +        6S         S8         aCaSj        +        CaO.S20g 

Ume.  Sulphur.  BUulpliide  Hypodulphite 

of  calcium.  of  lime, 

f  The  bisulphide  of  calcium,  decomposed  by  an  add  under  favourable  dr- 
eomtfances.  yields  a  salt  of  lime  and  bisulphide  (persulphide^  of  hydrojjen. 

1  eq.  bisulp.     i  2  eq.  sulphur — ^  ^  «!•  bisulphide  of  by* 

coldnm       1 1  eq.  caldum  ^  ^-.^"^"^         drogen. 


IM  water        P«l- hydrogen 

1  eq.  water    •   ^  i  ©q.  oxygen  - ^ 

Sulphuric  add "**  1  eq.  sulphnte  of  lime. 

^  CaS,        +        HO.SO3       =        HSa        +      CaO^Oa 

Bisulphide  Sulphurio  Hlsulphlde  Sulphate 

of  calcium.  acid..  of  hydrogen.  of  lime. 

When  the  add  Is  poured  into  the  sulphide,  sulphuretted  bydrogen,  water* 
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Hydrogen  and  Selenium;  Setenetted  ffydrryfen. — ^This  sabslahM  is 
produced  by  the  action  of  dilute  sulphuric  acid  upon  adenide  of  potas* 
aium  or  iron  :  it  re'ry  much  resembles  sulphuretted  hydrogen,  beings  a 
oolourleM  gas,  freely  soluble  in  water,  and  decomposing  metallic  8oln-« 
tions  like  that  substance:  insoluble  selenides  are  thus  produced.  This 
gas  is  said  to  act  very  powerfully  ufion  the  lining  membrane  of  tho 
nose,  exciting  catarrhal  symptoms,  and  destropng  the  sense  of  smell. 
It  contains  39  *  *I  parts  selenium,  and  1  part  hydn^n.* 

Fho8pfioru8  and  Hydrogen;  Phosphoretted  Hfirogen, — This  body 
bears  a  flight  9Da\ogj  in  some  of  its  chemical  relations  to  ammoniacal 
gas ;  its  alkaline  propeities  are,  however,  much  weaker. 

Pbosphoretted  hydn^n  may  be  obtained  in  a  state  of  purity  by 
heating  in  a  small  retort  hydrated  phosphorous  acid,  which  is  by  such 
treatment  decomposed  into  phosphoretted  hydrogen  and  hydrated  phos- 
phoric acid.f 

Thus  obtained,  the  gas  has  a  density  of  1*24.  It  contains  3t  parts 
phosphorus  and  3  parts  hydrogen,  and  is  so  constituted  that  every 
two  volumes  contain  3  volumes  of  hydrogen  and  half  a  volume  of 
phosphorous  vapour,  condensed  into  two  volumes.  It  possesses  a 
highly  disagretable  odour  of  garlic,  is  8lifi:htly  soluble  in  water,  and 
bums  with  a  brilliant  white  flame,  forming  water  and  phosphoric 
acid. 

Phosphoretted  hydrogen  may  also  be  produced  by  boiling  together 
in  a  retort  of  small  dimensions  caustic  potassa  or  hydrate  of  lime, 
water,  and  pliosphorus :  the  vessel  should  be  filled  to  the  neck,  and 
the  extremity  of  the  latter  made  to  dip  into  the  water  of  the  pneuma- 
tic trough.  In  the  reaction  which  ensues  the  water  is  decomposed, 
and  both  its  elements  combine  with  the  phosphorus.  The  alkali  act^ 
by  its  presence  determining  the  decomposition  of  the  water,  in  the  same 


and  sulphate  of  lime  are  prodaopd.  while  the  exc(«  of  sulphur  is  thrown  down 
as  a  fine  white  powder,  the  ** preclpitstetl  sulphur/'  of  the  PhannacepocfU. 
When  the  oblect  is  to  prepare  the  latter  substance,  hydrochloric  acid  must  be 
used  in  the  place  of  sulphuric, 

•  HSe. 

f  Decomposition  of  hydrated  phosphorous  add  by  heat  ;— 


^•q- hy- 
drated 

phos- 
phorous 

add. 


4eq 

real  acid. 


/  icq. 
'id  I  ^^^ 


phoeph. 

pboBph. 

oxygen 
3  eq.  hydrog. 
»  •q.  hydrog. 
3  eq.  oxygen 
9  eq.  oxygen 

4(3HO,POs) 


12  ea. 
wateK 


Hydrated 

phoq>horous 

add. 


=       PH3 

Phosphoretted 
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manner  as  snlpbrnic  add  detennioes  the  decomposition  of  water  when 
in  contact  with  zinc. 

Water  (Hydrogen ^^j^^^  Phosphoretted  hydix)gen. 

•     •  \Oxygen 
Fliospborua 

Phosphorus  ^^^ 

l*ime  '  Hjpophosphite  of  lime,* 

The  phosphoretted  hydrogen  prepared  by  the  latter  process  has  the 
singulnr  property  of  spoutaneoas  inflammability  when  admitted  into 
the  air  or  into  oxygen  gas ;  with  the  latter,  the  experirment  is  very 
brautiful,  but  requires  caution :  the  bubbleft  should  be  singly  admitted. 
When  kept  over  water  for  some  time,  the  g\B  loses  this  property,  with- 
out  otherwise  sjiflering  any  appreciable  change;    but  if  dried   by 
chloride  of  calcium,  it  may  be  kept  unaltered  for  a  much  longer  period. 
Mt  Paul  Thdnard  has  shown  that  the  spontaneous  combustibility  of 
the  gaa  arises  from  l^e  presence  of  the  vapour  of  a  liquid  phosphide  of 
hydrogen^  which  can  be  procured  in  small  qimntity,'.by  conveying  the 
gas  produced  by  the  action  of  water  on  phosphide  of  calcium  through 
a  tube  cooled  by  a  freezing  mixture.     This  substance  forms  a  colour* 
less  liquid  of  high  refractive  power  and  very  great  volatility.     It  does 
not  freeze  at  0°  (r- 17*''  8C).    In  contact  with  air  it  inflames  instantly, 
and  its  vapour  in  very  small  quantity  oommuniontes  spontaneous  in- 
flammability to  pure  phosphoretted  hydrogen,  and  to  all  other  eom- 
bustible  gases.     It  is  decomposed  by  light  into  gaseous  phosphoretted 
hydrogen,  and  a  solid  phosphide  which  is  often  seen  on  the  inside  of 
jars  containing  gas  which  has  lost  the  property  of  spontaneous  inflam- 
mation by  exposure  to  light.     Strong  acids  occasion  its  instantaneous 
decomposition.     Its  instability  is  equal  to  that  of  binoxide  of  hydro- 
gen.    It  is  to  be  observed  that  the  pure  phosphoretted  hydrogen  gas 
itself  becomes  spontaneously  inflammable  if  heated  to  the  temperature 
of  boiling  water,  f 

Phosphoretted  hydrogen  decomposes  several  metallic  solutions  giving 
rise  to  precipitates  of  insoluble  phosphides.  With  hydnodic  acid  it 
forms  a  crystalline  compound  somewhat  resembling  sal-ammouiac, 

NITBOGEN  WITH  CHLORINE  AND  IODINE. 

Chloride  of  Nitrogen, — When  sal-ammoniac  or  nitrate  of  ammonia 
is  dissolved  in  water,  and  a  jar  of  chlorine  g-as  inverted  mto  the  solu- 
tion, the  gas  is  absorbed,  and  a  deep-yellow  oily  liquid  ^is  observed 

»     4?         +    3(Ca0.H0)   +    2H0      =         PHg        +      3((y),2HOJO) 

Fbosphonu.  Hydrate  of  Water.  ^  Phosphoretted  Hypophosphite 
lime*  hydrogen.  of  lime^ 

t  Ann.  Cblm.  et  Pbys..  3rd  series,  xlv.  6.  According  to  M.  P.  Thenard  the 
UqaM  phosphide  of  hydrogen  contains  PHg  and  the  solid  PjH.  llie  gas  is 
reprenoted  by  the  formula  PH^. 
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to  collect  npoQ  the  surface  of  the  solution,  which  ultimately  sinks  in 
globules  to  the  bottom.  This  is  chloride  of  nitrogen,  the  most  danger* 
ously-explosive  substance  known.  The  following  is  the  safest  method 
of  conducting  the  experiment : —  •     • 

A  somewhat  dilute  and  tepid  solution  of  pure  sal-ammoniac  in  dis* 
tilled  water  is  poured  into  a  clean  basin,  and  a  bottle  of  chlorine,  the 
neck  of  which  is  qaite  free  from  gi'ease,  inverted  into  it.  A  shallow 
and  heavy  leaden  cup  is  placed  beneath  the  mouth  of  the  bottle  to  col- 
lect the  proiuct.  When  enough  has  been  obtained,  the  leaden  vessel 
may  be  withdrawn  with  its  dangerous  contents,  the  chloride  remaining 
covered  with  a  stratum  of  water.  The  operator  should  protect  his 
face  with  a  strong  wire-gauze  mask  when  experimenting  upon  this 
substance. 

The  change  is  explained  by  the  following  diagram : — 

Chlorine  ^ . "1^:=^  Chloride  of  nitrogens 

Chlorine  . ^^  '""""'^^  Hydrochloric  acid, 

1r  Nitrogen  - 
I  Hydrogen 
Hydrochloric  acid Hydrochloric  add.* 

Chloride  of  nitrogen  is  very  volatile,  and  its  vapour  is  exceedingly 
irritating  to  the  eyes.  It  has  a  specific  gravity  of  1  '653.  It  may  be 
distilled  at  160**  (Tl^'-lO),  although  the  experiment  is  attended  with 
great  danger.  Between  200^  (93°- 3C)  and  221®  (105°C)  it  explodes 
with  the  most  fearful  violence.  Contact  with  almost  any  combustible 
matter,  as  oil  or  fat  of  any  kind,  determines  the  explosion  at  common 
temjieratures :  a  vessel  of  porcelain,  gloss,  or  even  of  cast  iron,  is  broken 
to  pieces,  and  the  leaden  cup  receives  a  deep  indentation.  This  body 
has  usually  been  supposed  to  contain  nitrogen  and  chlorine  in  the 
proportion  of  14  parts  of  the  former  to  106*5  pai-ts  of  the  latter,  but 
i^ecent  experiments  upon  the  corresponding  iodine  compound  induce  a 
belief  thnt  it  contains  hydrogen  f 

Iodide  of  Nitrogen. — When  finely-powderei  iodine  is  put  into 
caustic  ammonia  it  is  in  part  dissolved,  giving  a  deep-brown  solution, 
and  the  residue  is  convei-ted  into  a  black  powder,  which  is  the  sub-' 
stiuice  in  question.  The  brown  liquid  consists  of  hydriodic  acid,  hold- 
ing iodine  in  splution,  and  is  easily  separated  from  the  solid  product  by 
a  filter.  The  latter  while  still  wet  is  distributed  in  small  quantities 
upon  separate  pieces  of  bibulous  paper,  and  left  to  dry  in  the  air. 

Iodide  of  nitrogen  is  a  blacK  insoluble  powder,  which,  when  dry,  ex- 
plodes with  the  slightest  touch,  even  that  of  a  feather :  and  sometimes 
without  any  obvious  cause.    The  explosion  is  not  ucoi-ly  so  violent  as 

*      -^"[4^    +    ea     =       NQ3     +        4Ha 

Chlurldeof       Chlorine.       Terchloride  of       Hydrochlurio 
ammontum.  nitrogen.  acid. 

t  Instead  of  NCI3,  it  may  in  reality  be  NHCl^.  or  NH^CL 
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that  of  the  oompound  last  described,  and  u  attended  with  the  pro- 
duction of  violet  fumes  of  iodine.  According  to  Dr.  Gladstone,  tbia 
substance  contains  hydrogen,  and  it  may  be  riewed  as  ammonia,  in 
whidi  tiro-thirds  of  the  hydrogen  are  replaced  by  iodine.*  According 
to  the  researches  of  Bunsen,  it  roust  be  viewed  as  a  combination  of 
teriodide  of  nitrogen  with  ammonia.f  It  appears,  however,  that  the 
subatance  called  iodide  of  nitrogen  varies  in  composition.  Gladstone, 
br  changing  the  mode  of  preparation,  obtained  several  compounds  of 
teriodide  of  nitn^n  with  ammonia. 

OTHEB  0OHPOUND8  OF  NON-UETALLIC  ELEMENTS. 

CMoHne  with  Sulphur  and  Phosphorus, — Chloride  of  SuIjAttr.—* 
The  subchloride  is  easily  prepared  by  passing  dry  chlorine  over  the 
surface  of  snlphur  kept  melted  in  a  small  glass  retort  connected  with 
a  good  condensing  arrangement.  The  chloride  distils  over  as  a  deep 
orange^yellow  mobile  liquid,  of  peculiar  and  disagreeable  odour,  Ivhich 
boils  at  280''(137°'8C).  ^s  this  substance  dissolves  both  sulphur 
and  chlorine,  it  is  not  easy  to  obtain  it  in  a  pui<e  and  definite  state.  It 
contains  32  parts  sulphur  and  35*5  chlorine.^ 

Subchloride  of  sulphur  is  instantly  decomposed  by  water :  hydro- 
chloric and  hyposulphurous  acids  are  formed,  and  sulphur  separated. 
The  hyposulphurous  acid  in  its  turn  decomposes  into  s\ilphar  and  sul- 
phurous acid.  Protochloride  of  sulphur  is  formed  by  exposing  the 
above  compound  for  a  considerable  time  to  the  action  of  chlorine,  and 
then  distilling  it  in  a  stream  of  the  gas.  It  has  a  deep-red  colour,  is 
heavier  than  water,  boils  at  147°  (63°*  9C),  and  contains  twice  as  much 
chlorine,  as  the  suburb loride.§ 

Chlorides  of  Phosphorus — Terchloride.^ — This  is  prepared  in  the 
same  manner  as  subchloride  of  sulphur,  by  gently  heating  phosphorus 
in  dry  chlorine  gas,  the  phosphorus  being  in  excess.  Or,  by  passing 
the  vapour  of  phosphorus  over  fragments  of  calomel  (sul|chloride  of 
mercury)  contained  in  a  elass  tube  and  strongly  heated.  It  is  a 
colourless,  thin  liquid,  which  fumes  in  the  air,  and  possesses  a  power- 
ful and  offensive  odour.  Its  specific  gravity  is  1*45.  Thrown  into 
water,  it  sinka  to  the  bottom  of  that  liquid,  and  be«»me8  slowly  decom- 
posed, yielding  phosphorous  acid  and  hydrochloric  acid.  This  com- 
pound contains  31  parts  phosphorus  and  106*5  parts  chlorine. 

PentacMoride  o/  Phosphorus,^ — ^The  compound  is  formed  when 
phosphorus  is  burned  in  excess  of  chlorine.  Into  a  large  tubulated 
retort,  pieces  of  phosphorus  are  introduced  ;  the  retort  is  then  filled 
with  dry  chlorine  gas.  The  phosphorus  takes  fire,  and  bums  with  a 
pale  flanoe,  forming  a  white  volatile  crj-stalline  sublimate,  which  is  the 
pentachloride.  It  may  be  obtained  in  larger  quantity  by  passing  a 
stream  of  dry  chlorine  gas  into  the  preceding  liquid  terchloride, 

•  NHIj.         t  HIj+NHs.         t  SiCL         $  Sa         U  PCI3.       f  PClj. 
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.which  becomes  gradnally  converted  into  a  solid  crystalliDe  mass. 
Pentachloride  of  phos] thorns  is  decompobed  by  water,  yielding  phos- 
phoric and  hydrochloric  acids, 

Oxichloride  of  Fho8phoru8.*—U  pentachloride  of  phosphorus  be 
heated  with  a  quantity  of  water  which  is  insufiicient  to  convert  it  into 
phosphoric  acid,  it  yields,  together  with  hydrochloric  add,  a  compound 
of  phosphorus,  chlorine,  and  oxygen.  This  body  may  also  be  prepared 
by  distilling  pentachloride  of  phosphorus  with  dehydrated  oialic  acid, 
or  by  distilling  a  mixture  of  pentfu:hloride  of  phosphoras  and  anhy* 
drous  phosphoric  acid.  Oxichloride  of  phosphorus  is  a  colourless  liquid 
of  1*7  sp.  gr.. possessing  a  very  pungent  odour,  and  boiling  at  230° 
(110?C).'  By  water  it  is  readily  decomposed  into  hydrochloric  and 
phosphoric  acids. 

Two  bromidea  of  phosphorus  "are  known,  closely  corresponding  in 
properties  and  constitution  with  the  chlorides.  Several  compounds  of 
iodine  and  phosphorus  also  exist;  they  are  fusible  crystalline  sub* 
stances,  which  decompose  by  contact  with  water,  and  yield  hydriodic 
acid  and  phosphorus,  or  phosphoric  acid. 

Chhrine  and  Car6on.---Several  compounds  of  chlorine  and  carbon  are 
known.  They  are  obtained  indirectly  by  the  action  of  chlorine  upon 
certain  organic  compounds,  and  are  described  in  connexion  with  the 
history  of  alcohol,  &c. 

Iodine  with  Sulphur  and  Phosphorus. — These  compounds  are  formed 
by  gently  heating  together  the  materials  in  vessels  from  which  the  air 
is  excluded.    They  present  few  points  of  interest. 

Chlorine  vUh  Iodine, — Iodine  readily  absorbs  chlorine  gas,  forming, 
when  the  chlorine  is  in  excess,  a  solid  yellow  compound,  and  when  the 
iodine  preponderates,  a  brown  liquid.  The  solid  iodide  is  decomposed 
by  water,  yielding  hydixxhloric  and  iodic  acids.f 

j/^nother  definite  compound  is  formed  by  heating  in  a  retort  a  mix- 
ture of  1  part  iodine  and  4  parts  chlorate  of  potassa ;  oxygen  gas  and 
chloride  of  jodine  are  disengaged,  and  the  latter  may  be  condensed  by 
snitable  means.   lodate  and  perchlorate  of  potassa  remain  in  the  retort. 

This  chloride  of  iodine  is  a  yellow,  oily  liquid,  of  suffocating  smell 
and  astringent  taste ;  it  is  soluble  in  water  and  alcohol  without  de- 
composition. It  probably  consists  of  127  parts  iodine  and  35*5  ports 
qblorine.} 

Carbon  and  Sulphur, — Bisulphide  of  C7ar&on.§ — A  white  porcelain 
tube  is  filled  with  pieces  of  charcoal  which  have  been  recently  heated 
to  redness  in  a  covered  crucible,  and  fixed  across  a  furnace  in  a  slightly- 
inclined  position.  Into  the  lower  extremity  a  tolerably  wide  tube  i» 
secured  by  the  aid  of  a  cork :  this  tube  bends  downwards,  and  passes 
nearly  to  the  bottom  of  a  bottle  filled  with  fragments  of  ice  and  a 
little  water.     The  porcelain  tube  being  heated  to  a  bright  redness, 

•  PasOj. 

t  Hence  it  doubtless  contains  1  eq.  iodine,  and  5  eq.  chlorine,  or  ICI5. 

J  la  i  CSj.       • 
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fraginents  of  sulphur  are  thrown  into  the  open  end,  which  is  imnie* 
diateJy  aflerwai*ds  stopped  by  a  cork.  The  sulphur  mdts,  and  becomes 
oonrerted  into  vapour,  which  at  that  high  temperature  combines  with 
the  carbon,  formiug  an  exceedingly  volatile  compound,  which  is  con- 
densed by  the  ice  and  collects  at  the  bottom  of  the  vesnel.   This  is  col- 
lected and  redistilled  with  a  very  gentle  heat  in  a  retort  connected  witk 
a  good  condenser.     Bisulphide  of  carbon  is  a  transpai'ent,  colourless 
liquid  of  great  refractive  and  dispersire  power.     Its  den&itv  is  I  *272. 
It  boils  at  110°  (43°*  3C),  aiyi  emits  vapour  of  consider  able  elasticity 
at  common  temperatures.     The  odour  of  this  substance  is  veiy  repul- 
sive.    When  set  on  fire  in  the  air  it  bums  with  a  blue  flame,  forming 
carbonic  add  and  sulphurous  acid  gases ;  and  when  its  vapour  is  mixed 
with  oxygen,  it  becomes  explosive.     Bisulphide  of  carbon,  when  heated 
with  water  in  a  sealed  tube  to  about  302°  (150°C),  is  converted  into 
carbonic  acid  and  sulphuretted  hydrogen.     In  contact  with  nascent 
hydrogen  (when  heated  with  zinc  and  dilute  sulphuric  acid),  it  is  con- 
verted into  a  white  crystalline  substance  containing  carbon,  hydrogen, 
and  sulphur,*  crystallizing  in  square  prisms,  insoluble  in  water,  alcohol, 
and  ether,  but  soluble  in  bisulphide  of  carbon,  subliming  at  302° 
(150°C),  and  decomposing  at  392°  (200°C).     Bisulphide  of  carbon 
freely  dissolves  sulphur,  and  by  spontaneous  evaporation  deposits  t^e 
latter  in  beautiful  crystals ;  it  also  disFolves  phosphorus. 

Chiorides  of  SUicium  and  Boron. — Both  silicium  and  boron  combine 
directly  with  chlorine.  The  chloride  of  silicium  is  obtained  by  mixing 
finely-divided  silica  with  charcoal  powder  and  oil,  strongly  heating  the 
mixture  in  a  covered  crucible,  and  then  exposing  the  mass  so  obtained 
in  a  porcelain  tube,  heated  to  full  redness,  to  the  ac^on  of  perfectly  dry 
chlorine  gas.  A  good  condensing  arrangement,  supplied  with  ice-cold 
water,  must  be  connected  with  the  porcelain  tube.  The  product  is  a 
colourless  and  very  volatile  liquid,  boiling  at  122°  (50°C),  of  pungent, 
suffocating  odour.  In  contact  with  water  it  yields  hydrochloric  acid 
and  gelatinous  ailica.  This  substance  contains  21*3  parts  silicium,  and 
106-5  chlorine.t 

Bromide  of  SilkivmX  may  be  obtained  by  a  similar  proceeding,  the 
vapour  of  bromine  being  substituted  for  chlorine :  it  resembles  the 
chloride,  but  is  less  volatile. 

Cfdcride  of  Boron%  was  formerly  believed  to  be  a  permanent  gas : 
recent  researches  have  proved  that  it  is  a  liquid,  boiling  at  62*6° 
(17*^0),  decomposed  by  water,  with  production  of  boracic  and  hydro- 
chloric acids,  and  fuming  strongly  in  the  air.  It  may  be  most  easily 
obtained  by  exposing  to  the  action  of  dry  chlorine  at  a  very  high 
temperature  an  intimate  mixture  of  glassy  boracic  acid  and  charcoal. 
It  resembles  in  constitution  chloride  of  silicium.  Bromide  of  boron  U 
likewise  exists. 

Sidphidea  of  Siliciian  and  Boron, — Fremy  has  formed  sulphide  of 

•  CsHsSs.  t  SIQ,.  t  SiBrg.  $  BoCls.  |1  BoBrj. 
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rilicinm*  and  sulphide  of  boroTif  by  passing  the  rapoar  of  bisulphide 
of  carbon  over  strongly -heated  pellets  of  lamp-black  and  precipitated 
silica  in  the  one  case ;  or  in  the  other,  of  boracic  acid  with  cfaarooal. 
The  sulphide  of  siliciam  forms  long  silky  needles  soluble  in  water,  with 
rapid  erolution  of  salphuretted  hydrogen.  The  sulphide  of  boron  is 
also  occasionally  obtamed  in  crystals, 

•SI  83.  fBoSs. 


213 


I  ON  THE  GENERAL  PRINCIPLES  OF  CHEMICAL 

!  PHILOSOPHY. 

I 

Thk  stndj  of  the  non-metallic  elements  can  be  pnshed  to  a  raj  con- 

f  siderable  extent,  and  a  lai^e  amount  of  precise  and  exceedingly  im- 
IMMTtant  information  acquired,  without  much  direct  reference  to  the 
great  fundamental  lant  of  chemical  union.     The  subject  cannot  be 

'  diicuflsed  in  this  manner  completely,  as  will  be  obvious  from  frequent 
esses  of  anticipation  in  many  of  the  foregoing  foot-notes  :  still  much 
nay  be  done  by  this  simple  method  of  proceeding.  The  bodies  them- 
selres,  in  their  combinations,  furnish  admirable  illustrations  of  the 
general  laws  referred  to ;  but  the  study  of  their  leading  characters  nnd 
relations  does  not  of  necessity  involTe  a  previous  knowledge  of  thiae 

^        laws  themselves. 

It  is  thought  that  by  such  an  arrangement  the  comprehension  of 
these  very  important  general  principles  may  become,  in  some  measure, 
^Militated  by  constant  references  to  examples  of  combinatious,  the 
elements  and  products  of  which  have  already  been  described.  So  mudh 
more  difficult  is  it  to  gain  a  clear  and  distinct  idea  of  any  proposition 
of  great  generality  from  a  simple  enunciation,  than  to  understand  the 
bearing  of  the  same  law  when  illostiated  by  a  single  good  and  familiar 
instance. 

Before  proceeding  farther,  however,  it  is  absolutely  necessary  that 
these  matters  should  be  discussed:  the  metallic  compounds  are  so 
numerous  and  complicated,  that  the  establishment  of  some  general 
principle,  some  connecting  link,  becomes  indispensable.  The  doctrine 
of  eqnlvBlents,  and  the  laws  which  regulate  the  formation  of  saline 
compounds,  supply  this  deficiency. 

In  the  organic  department  of  the  scioice,  the  most  interesting  per- 
haps of  all,  a  knowledge  of  these  principles,  and  further,  an  acquaint- 
ance or  even  familiarity  with  the  beautiful  system  of  chemical  notation 
now  in  use,  are  absolutely  required.    This  latter  is  found  of  vei-y  great 

\  *ervice  in  the  study  of  salts  and  other  complex  inoi^;anic  compounds, 

hot  in  that  of  organic  diemistry  it  cannot  be  dispens^  with. 

S  It  will  be  proper  to  commence  with  a  notice  of  the  principles  whidi 

relate  the  modern  nomendature  in  use  in  chemical  writings. 

nOKEKCLATOBE. 

In  the  early  days  of  chemistry  the  arbitrary  and  fiinciful  names 
which  were  oonferrad  by  each  experimenter  on  the  new  compounds  he 
discovered  sufficed  to  distinguish  these  from  each  other,  and  to  render 
intelligible  the  description  given  of  their  production*     Such  terms  as 
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oiV  of  vitriol,  spirit  of  salt,  oil  of  tartar,  butter  of  antimony,  sugar  of 
lead,  flo^oers  of  zinc,  sal  enixum,  sal  mirabile,  &c,  were  then  quite 
admissible.  In  process  of  time,  however,  when  the  number  of  known 
sub  taace?  became  vastly  increased,  the  confusion  of  language  produced 
by  the  want  of  a  more  systematic  kind  of  nomenclature  became  quite 
intolerable,  and  the  evil  was  still  furtlier  increased  by  the  frequent  use 
of  numerous  synonyms  to  designate  the  same  substance. 

In  the  year  1787  Lavoi»ier  and  his  colleagues  published  the  plan  of 
the  remarkable  system  of  nomenclature,  which,  with  some  important 
extensions  since  rendered  necessary,  has  up  to  the  present  time  to  a 
great  extent  satisfied  the  wants  of  the  science.  It  is  in  organic  chemistry 
that  the  deficiencies  of  this  plan  are  chiefly  felt,  and  that  something 
like  a  return  to  the  old  method  has  been  rendered  inevitable.  Organip 
chemistry  is  an  entirely  new  science  which  has  sprung  up  since  the 
death  of  these  eminent  men,  and  has  to  deal  with  bodies  of  a  constitu- 
tion or  type  differing  completely  from  that  of  the  inorganic  acids,  bases, 
and  salts,  which  formed  the  subjects  of  the  chemical  studies  of  that 
period.  The  rapid  progi'ess  of  discovery  by  which  new  compound.^ 
and  new  classes  of  compounds,  often  of  the  most  unex])ected  nature, 
are  continually  brought  to  light,  sufficiently  proves  that  the  time  to 
attempt  the  construction  of  a  permanent  systematic  plan  of  naming 
organic  bodies  has  not  yet  arrived. 

The  principle  of  the  nomenclature  in  use  may  be  thus  explained : — 
Elementary  substances  still  receive  arbitrary  names,  generally,  but  not 
always,  retening  to  some  mai'ked  peculiarity  of  the  body ;  a  uniformity 
in  the  termination  of  the  word  has  generally  been  observed,  as  in  the 
case  of  new  metals  whose  names  are  made  to  end  in  turn. 

Compounds  formed  by  the  union  of  non-metallic  elements  with 
metals,  or  with  other  non-metallic  elements,  are  collected  into  groups 
having  a  kind  of  generic  name  derived  from  the  non-metallic  element, 
or  that  most  opposed  in  charactera  to  a  metal,  and  made  to  terminate 
in  ide.*  Thus  we  have  oxides,  chlorides,  iodides,  bromides,  &c.,  of 
hydrogen  and  of  the  sevei^al  metals;  oxides  of  chlorine;  chlorides  of 
iodine  and  sulphur;  sulphides  and  phosphides  of  hydrogen  and  the 
metals. 

The  nomenclature  of  oxides  has  been  already  described  (p.  122), 
They  are  divided  into  three  classes,  namely,  alkaline  or  basic  oxides, 
neutral  oxides,  and  oxides  possessing  acid  characters.  In  practice  the 
term  oxide  is  usually  restricted  to  bodies  belonging  to  the  first  two 
groups,  those  of  the  third  being;  simply  called  acids.  Generally  speak- 
ing tliese  acids  are  derived  from  the  non-metallic  elements  which  yield 
no  basic  oxides :  it^any  of  the  metals,  however,  yield  acids  of  a  more  or 
less  energetic  description. 

The  same  element  in  combining  with  oxygen  in  more  than  one  pro- 
portion may  yield  more  than  one  acid :  in  this  case  it  has  been  usual 

*  Formerly  the  tenninatloa  furet  was  likewise  frequently  used. 
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to  ftpply  to  the  add  oontaiDing  most  oxygen  the  teiminatibu  tb,  and  to 
the  one  containing  the  lesser  quantity  the  teimination  ous.  When  more 
members  of  the  same  group  came  to  be  known*  recourse  was  had  to  a 
pretiz,  hlff)0  or  hyper,  (or  per,)  signifying  deficiency  or  excess.  Thus, 
the  two  earliest-known  adds  of  sulphur  were  named  respectively,  su/- 
phurous  and  sulphuric  adds ;  subsequently  two  more  wei-e  discovered, 
the  one  containing  less  oxygen  than  sulphurous  acid,  the  other  interme- 
diate  in  composition  between  sulphurous  and  sulphuric  acids.  These 
were  called  hyposulphurous  nnd  hyposuiphunc  adds.  The  names  of 
the  new  acids  of  sulphur  of  stQl  more  i^ecent  discovery  are  not  yet  per* 
manently  iixed ;  Lavoisier's  system,  even  in  its  extended  foim,  fails  to 
furnish  names  for  such  a  lengthened  series.  Other  examples  of  the 
nomenclature  of  adds  with  increasing  proportions  of  oxygen  are  easily 
found ;  as,  hypc^hoaphorous,  phospfiorouSf  and  phosphoric  acids ;  hypo- 
chhrouSf  chhrous^  kifftoohtoric,  chloriOt  and  perchloric  adds ;  nitrous, 
hyponitric,  and  nitric  adds,  &c. 

The  nomenclature  of  salts  is  derived  from  thai  of  the  acid  they  con- 
tain :  if  the  name  of  the  acid  terminate  in  t'c,  that  of  the  salt  is  made  to 
end  in  ate  ;  if  in  oi»,  that  of  the  saline  compound  ends  in  ite.  Thus 
sulphuric  acid  forms  sulphates  of  the  various  bases  ;  sulphurous  acid, 
sulphites;  hyposulphuioiis  acid,  hyposulphites;  hyposuiphuric  acid, 
hyposulphateSf  &c.     The  rule  is  here  very  simple  and  obvious. 

The  want  of  unifoimity  in  the  application  of  the  systematic  nomen- 
dature  is  chiefly  felt  in  the  dass  of  oxides  not  possessing  acid  charac- 
ters, and  in  that  of  some  analogous  compounds.  The  dd  rule  was  to 
apply  the  word  protoxide  to  the  oxide  containing  least  oxygen,  to  call 
the  next  in  order  binoxide,  the  third  tritoxide  pr  teroxide,  &c.  But 
latterly  this  rule  has  been  broken  through,  and  the  term  protoxide 
^ven  to  that  oxide  of  a  series  in  which  the  basic  chai-acters  are  most 
strongly  marked.  Any  compound  containing  a  smaller  proportion  of 
oxygen  than  this  is  called  a  suboxide.  An  example  is  to  be  found  in 
the  tiro  oxides  of  copper ;  that  which  was  once  ailled  binoxide  is  now 
protoxide,  bdng  the  more  basic  of  the  two,  while  the  former  pro- 
toxide ia  degraded  into  suboxide. 

The  Latin  prefix  per,  or  rarely  hyper^  is  sometimes  used  to  indicate 
the  highest  oxide  of  a  series  destitute  of  acidity,  as  peroxide  of  iron, 
chromium,  manganese,  lead,  &c.  Other  Latin  prefixes,  as  sesqui,  &i  or 
bin,  and  quad,  applied  to  the  names  of  binary  compounds  or  salts  have 
reference  to  the  (XMistitution  of  these  latter  expresstd  in  chemical  equi- 
Talents.*  Thus,  an  oxide  in  which  the  proportion  of  oxygen  and  metal 
are  in  equivalents,  as  1*5  to  1,  or  3  to  2,  is  often  called  a  sesquioxide ; 
if  in  the  proportion  of  2  to  1,  a  binoxide,  &c.  The  snme  terms  are 
applied  to  mlts :  thus  we  have  nelttral  sulphate  of  potassa,  sesquisul- 
phate  of  potassa,  and  &»u//)/ia to  of  potassa ;  the  first  conbiining  1  equi- 
TBlent  'of  add  to  1  of  base,  the  second  1*5  of  acid  to  1  of  base,  and 

*  See  a  few  pages  forw|tid« 
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the  third  2  eqniraleDts  of  add  to  1  eqniralent  of  hose.  In  likt 
manner  we  have  ntfulro/ oxalate,  binoxalaie^  and  quodroxalaU  of  potaara, 
the  latter  having  4  eq.  of  add  to  1  eq.  of  baae.  Man/  other  casea 
might  be  dted. 

The  student  will  aoon  diecover  that  the  rules  of  nomendature  are 
often  loosely  applied,  as  when  a  Latin  numeral  prefix  is  substituted  for 
one  of  Greek  origin.  We  speak  of  tentdphide  inatead  of  tritoaulphide 
of  antimony,  and  quinquintlphide  instead  of  pentasulphide  of  anti- 
mony. These  apd  other  small  irregularities  are  not  found  in  practice 
JU>  cause  serious  confusion. 

THE  LAWS  OF  OOMBINATION  BT  WEIGHT. 

The  great  general  laws  which  regulate  all  chemical  comhinatioDS 
admit  of  being  laid  down  in  a  manner  at  once  simple  and  concise. 
They  are  four  in  number,  and  to  the  following  effect : — 

1.  All  chemical  compounds  are  definite  in  their  nature,  the  ratio 

of  the  elements  being  .constant. 

2.  When  any  body  is  capable  of  uniting  with  a  second  in  several 

proportions,  these  proportions  bear  a  simple  relation  to  each 
other. 

3.  If  a  body,  A,  unite  with  other  bodies,  6,  C,  D,  the  quantities 

of  B  C  D,  which  unite  with  A,  represent  the  relations  in 
which  they  unite  canong  themselves,  in  the  event  of  union 
taking  place. 

4.  The  combining  quantity  of  a  compound  is  the  sum  of  the 

combining  quantities  of  its  components. 

{!,)  Constancy  of  Cbmpo8t/u>n.— That  the  same  chenucal  compounds 
invariably  contain  the  same  elements  united  iu  unvarying  propoi-tiona, 
is  a  proposition  almost  axiomatic ;  it  is  involved  in  the  very  idea  of 
identity  itself.  The  converse,  however,  is  very  far  from  being  true ; 
jthe  same  dements  combining  in  the  same  proportions  do  not  of  neces- 
sity generate  the  same  substance. 

Q^uic  diemistry  furnishes  numei'ons  instances  of  this  very  remark- 
able &ct,  in  which  the  gi'eatest  diversity  of  properties  is  associated 
with  identity  of  chemical  composition.  These  cases  are  chiefly  met 
with  in  oipmic  chemistry;  but  well-established  and  undoubted  ex- 
amples are  known  in  the  inorganic  or  mineral  division  of  the  sdence. 

(2.)  Multiple  Proportions, — illustrations  of  this  simple  and  beau- 
tiful law  abound  on  every  side :  let  the  reader  take  for  example  the 
jcompounds  of  nitrogen  and  oxygen,  five  in  number,  oontaiifing  the 
proportions  of  the  two  elements  so  described  that  the  quantity  of  one 
of  them  shall  remain  epnstant:— 
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mtfogni.  Oxygen* 

Protoxide 14  8 

Biooxide 14  16 

Nitrous  acid   •        .         ,        .        •         14  24 

HTpoaltric  acid 14  S2 

JSitric  acid 14  40 

Tt  will  be  seen  at  a  glance  that  while  the  nitrogen  remains  the 
sanie  the  quantities  of  oxygen  increase  by  miUtiple$  of*  8;  or  the  num- 
ber representing  the  quantity  of  that  substance  in  the  first  compound ; 
thus,  8,  8X2,  8x3,  8X4,  and  8x5,  give  respectively  the  oxygen 
in  the  protoxide,  the  binoxide,  nitrous  acid,  hyponitric  acid,  and 
laatlv,  nitric  acid«  Again,  carbonic  acid  contains  exactly  twice  as 
much  oxygen  in  proportion  to  the  other  constituent  as  carbonic  oxide ; 
the  binoxide  of  hydrogen  is  twice  as  rich  in  oxygen  as  water ;  the 
corresponding  sulphides  exhibit  the  mnie  phenomena,  while  the  me- 
tallic compounds  olTer  one  continued  series  of'  illustrations  of  the  law, 
although  the  ratio  is  not  always  so  simple  as  that  of  I  to  2. 

It  often  happens  that  one  or  moro  members  of  a  series  are  yet  deA« 
dent :  the  oxides  of  chlorine  aflbrd  an  example. 

ChlorbM.  Oxygen. 
Hypochlorous  add         .        .         .        35*5  8 

Chlorous  acid 35*5  24 

Hypochloric  add  ....        35*5  32 

Chloric  add 35*5  40 

Perchloric  acid     ....        35*5  56 

Here  the  quantities  of  exjgen  prepress  in  the  following  order:— 
8,  8  X3,  8  X4,  8x5,  8x7;  gaps  are  manifest  between  the  first  and 
second,  and  also  between  the  fourth  and  fiflh  substances ;  these  remain 
io  be  filled  up  by  future  researches.  The  existence  of  a  simple  rela- 
tion among  the  numbers  in  the  second  column  is  however  not  the  less 
evidenL  £ven  when  difficulties  seem  to  occur  in  applying  this  priu- 
dple,  they  are  only  apparent,  and  vanbh  when  dosely  examined.  In 
the  highly-complex  sulphur  series,  given  at -p.  159,  the  numbers 
placed  in  each  column  are  multiples  of  the  lowest  among  them  ;  and, 
by  making  the  assumption,  which  is  not  at  all  extravagant,  that 
certain  of  the  last-named  bodies  are  intermediate  combinations,  we 
may  anange  the  four  direct  compounds  in  such  a  manner  that  the 
sulphur  shall  remain  a  constant  quantity. 

Sulphur.  Oxygen. 
Hyposalphnrons  add        .        •        .32  16 

Sulphurous  acid  ....     32  32 

Hyposulphuric  add  ...         32  40 

Sulphuric  add 32  48 

Compound  bodies  of  all  kinds  are  also  subject  to  the  law  of  mul- 
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tiples  when  they  unite  among  themselves,  or  with  elementAxy  sub- 
stances. There  are  two  sulf^ates  of  poiassa  and  soda :  the  second 
contains  twice  as  mueh  acid  in  relation  to -the  allialine  base  as  the 
first.  There  are  three  oxalates  of  potassa,  namely,  the  simple  oxalate, 
the  binoxalate,  and  the  qoadroxalate ;  the  second  has  ^equally  twice 
as  much  acid  as  the  firat';  and-  the  thii-d  twice  as  mnch  as  the  second, 
lidany  other  cases  might  be  cited ;  but  the  student,  once  in  poeaesaion 
of  the  principle,  will  easily  notice  them  as  he  proceeds. 

(3.)  Law  of  Equivalents. — It  is  highly  important  that  the  subject 
now  to  be  discuKsed  should  be  completely  understood. 

Let  a  substance  be  chosen  whose  range  of  affinity  and  powers  of 
combination  are  Tery  gi'eat,  and  whose  compounds  are  susceptible  of 
rigid  and  exact  analysis;  such  a  body  is  found  in  Qxygen,  which  is 
known  to  unite  with  all  the  elementary  substances,  with  the  single 
exception  of  fluorine.  Now,  let  a  series  of  exact  experiments  be 
made  to  deteimine  the  proportions  in  which  the  difiei'ent  elements 
combine  with  one  and  the  same  constant  quantity  of  oxygen,  which, 
for  reiisons  hereafler  to  be  explained,  may  be  assumed  to  be  8  parts  by 
weight ;  and  let  these  numbei  s  be  arranged  in  a  column  opposite  the 
names  of  the  substances.  The  result  is  a  table  or  list  like  the  fol- 
lowing, but  of  couiae  much  more  extensive  when  complete. 

Oxygen     .      '  .        .        .        .        .        8 

Hydrogen ...         .        .        .         1 

Nitrogen 14 

Carbon     .         .         .         .      '  .         .        6 

Sulphur 16 

Phosphorus 31 

Chlorine 35*5 

Iodine 127 

Potassium     ......  39 

Iron  .         .         .  -     .         .         .28 

Copper 31*7 

Lead 103*5 

Silver 108 

&c.  &C. 

• 

Now  the  law  in  question  is  to  this  effect : — If  such  numbers  repre^ 
sent  the  proportions  in  which  the  different  elements  combine  With  the 
arbitrarily  fixed  quantity  of 'the  starting-substance,  the  oxygen,  they 
also  represent  the  proportions  in  which  tliey  unite  among  ihemaelves,  or 
at  any  rate  hear  some  exceedingly  simple  ratio  to  these  proportions. 

Thus,  hydrogen  and  .chlorine  combine  invariably  in  the  proportions 
1  and  35*5  ;  hydrogen  jand  sulphur,.  1  to  16 ;  chlorine  and  silver, 
35*5  to  108;  iodine,  and  potassium,  127  pai-ts  of  the  former  to 
39  of  the  latter,  &c  This  rule  is  never  departed  from  in  any  one 
instance. 
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The  term  eqidrxdent  is  applied  to  these  numbers  for  a  reason  which 
will  now  be  perfectly  intelligible:  tliey  represent  quantities  cnpable 
of  exactly  replacing  each  other  in  combination ;  1  part  of  hydi'ogen 
goes  as  far  in  combining  with  or  saturating  a  certain  amount  of  oxygen 
as  28  parts  of  iron,  39  of  potassium,  or  108  of  silver ;  for  the  same 
reasons,  the  numbers  are  said  to  represent  combining  qiumtities,  or 
prcportionaU,  ^ 

Nothing  is  more  common  than  to  speak  of  so  many  eqniralents  of 
this  or  that  substance  being  united  to  one  or  more  equivalents  of  a 
second ;  by  this  expression,  quantities  are  meant  just  so  many  times 
greater  than  these  relative  numbers.  Thus,  sulphuric  acid  u  said  to 
contain  1  equivalent  of  sulphur,  and  3  equivalents  of  oxygen ;  that  is, 
a  quantity  of  the  latter  represented  by  three  times  the  combining  num- 
ber of  oxygen ;  phosphoric  acid  is  made  up  of  1  equivalent  of  phos- 
phorus and  5  of  oxygen ;  the  red  oxide  of  iron  contains,  as  will  be 
seen  hereafter,  3  equivalents  of  oxygen  to  every  2  equivalents  of  metal, 
&c.  It  b  an  expression  which  will  henceforward  be  freely  and  con- 
stantly employed ;  it  is  hoped,  therefore,  that  it  will  be  understood. 

The  nature  of  the  law  will  easily  show  that  the  choice  of  the  body 
destined  to  serve  for  a  point  of  departure  is  pei'fectly  arbitrary,  and 
regulated  by  considerations  of  convenience  alone. 

A  body  might  be  chosen  which  refuses  to  unite  with  a  considerable 
nnmber  of  the  elements,  and  yet  the  equivalents  of  the  latter  would 
admit  of  being  determined  by  imlirect  means,  in  virtue  of  the  very 
peculiar  law  under  discussion.  Oxygen  does  not  unite  with  fluorine, 
yet  the  equivalent  of  the  latter  can  be  found  by  observing  tlie  quantity 
which  combmes  with  the  equivaient  quantity  of  hydrogen-  or  calcium, 
already  known.  We  may  rest  assured  that  if  an  oxide  of  fluorine  be 
erer  discovered,  its  elements  wilt  be  associated  in  the  ratio  of  8  to  19, 
or  in  numbers  which  are  either  multiples  or  submultiples  of  these. 

The  number  assigned*  to  the  starting-substance  is  also  equally  arbi- 
trary: if,  in  the  table  given,  oxygren  instead  of  8  were  made  10,  or 
100,  or  even  a  fractiomU  number,  it  is  quite  obvious  that  although  the 
other  numbers  would  all  be  different,  the  ro^ib,  or  propoution  among 
the  whole,  would  remain  unchanged,  and  the  law  would  still  be  main- 
tained in  all  its  integrity. 

There  are,  in  fact,  two  such  tables  in  use  among  chemists ;  one  in 
which  oxygen  is  made  =  8,  and  a  second  in  which  it  is  made  =?  100 ; 
the  former  is  generally,  used  in  this  country,  and  the  latter  still  to  a 
certain  extent  on  the  Continent.  The  only  reason  for  giving,  as  in 
the  present  volume,  a  preference  to  tlie  first  is,  that  the  numbers  are 
smaller  and  more  easily  remembered. 

The  number  8  has  been  chosen  in  this  table  to  represent  oxygen, 
from  an  opinion  long  held  by  the  late  Dr.  Prout,  and  recently  to 
appearance  substantiated  in  some  remarkable  instances  by  veiy  elabo- 
rate investigation,  that  the  equivalents  of  all  bodies  are  multiples  of 
that  of  hydrogen ;  and  consequently,  by  making  the  latter  unity,  the 
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nuniben  would  be  all  intei^erB.  The  qaestion  tnnst  be  coaaidered  a$ 
altogether  uiu^ettled.  A  great  ohstacle  to  such  a  view  is  preieoted  hf 
the  case  of  chlorine,  which  certainly  seems  to  be  a  fractional  number; 
and  one  single  well-established  exception  will  be  iatal  to  the  hypothesia. 
As  all  experimental  investigations  are  attended  with  a  certain  amoont 
of  error,  the  results  contained  in  tlie  following  table  must  be  looked 
upon  meraly  as  good  approximations  to  the  truth.  For  the  same 
reason,  nnall  difiierences  are  often  nbsenred  in  the  determination  of  the 
equivfdents  of  the  same  bodies  bj  different  eaqperimenters. 


TABLE  OF  ELEWENTART  SUBSTANCES,  WITR  THEIB  EQUITALENTS. 


Oxy.  =  8. 

Oxy.  s=  100. 

Oxy.  =  8. 

Oxy.  =  100. 

Aluminium  13*7 

171-25 

Nickel    .     29*5 

368-75 

Antimony  120*3 

1503*7 

Niobium 

Arsenic  .     75 

937*5 

Nitix)gen.     14 

175 

Barium  •     68*5 

856*25 

Norium 

Beryllium       7 

87*5 

Osmium.     99*6 

1245 

Bismuth.  210 

2625 

Oxvgen  ,       8 

100 

Boron      .     10*9 

136-25 

Pai'iadium     53-3 

666*25 

Bromine .     80 

1000 

'   Phosphoi*us  31 

387*5 

Cadmium     56 

700 

Platinum      98-7 

1233*75 

Caesium  .   123*4 

1542-5 

Potassium    39 

487*5 

Calcium  .     20 

250 

Rhodium      52*2 

652*5 

Carbon    .       6 

75 

Rubidium     85-4 

1067-5 

Cerium   •     46 

575 

>   Ruthenium   52  f  2 

652-5 

Chlorine.     35-5 

443*75 

Selenium      39*7 

496*25 

Chromium    26*7 

333*75 

Silicium  •     21 

262-5 

Cobalt     .     29-5 

368*75 

Silver     •  108 

1350 

Copper    .     31*7 

396*25 

Sodium  •     23 

287*5 

Didymium    48 

600 

Strontium     43-8 

547-5 

Erbium 

i   Sulphur .      16 

200 

Fluorine.     19 

237*5 

Tantalium    68*8 

860 

Gold       .  197 

2462*5 

Tellurium     64 

800 

Hydrogen       1 

12-5 

Terbium 

Iodine      .  127 

1587*5 

Thallium    204 

2550 

Iridium  .     99 

1237-5 

Tltorium       59*6 

745 

Iron  .      .     28 

350 

Tin    .     .     59 

737-5 

I.Anthanium46'4 

580 

TiUnium      25 

312-5 

Lead       .   103-5 

1293*75 

'   Tungsten      92 

1150 

Lithium  .       7 

87^5 

!    Uranium      60 

750 

Magnesium  12 

150 

'   Vanadium    68-6 

857*5 

Manganese    27  *  5 

343*75 

1   Ytti-ium 

1 

Mercury  .  100 

1250 

Zinc  .     .     32*6 

407-5 

MoIybdeuum48 

600 

Zirconium    33*6 

420 
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(4.)  Combining  Numbers  of  Compouncb. — The  law  stales  that  the 
eqairalent  or  oombinii^  number  of  a  compoand  is  always  the  sooi  of 
tlie  eqnhraleats  of  its  components.  This  is  also  a  great  fundamental 
truth,  which  it  is  nectOMry  to  place  in  a  clear  and  con^icuous  light. 
It  is  a  seporate  and  independent  law,  establifthed  by  direct  expeiimental 
eridenoe,  and  not  deducible  from  either  of  the  preceding. 

The  method  of  investigation  by  which  the  equivaient  of  a  simple 
body  is  determined  has  been  already  exptamed ;  that  employed  in  the 
ease  of  a  compound  is  in  nowise  different.  The  example  of  the  acids 
and  alkalis  may  be  taken  as  the  most  explicit,  and  at  the  same  time 
most  important.  An  add  and  a  base,  combined  in  certain  definite 
proportions,  netUralize,  or  mask  each  other's  properties  completely, 
and  the  result  is  a  salt :  these  proportions  are  called  the  equivalents 
of  the  bodies,  and  they  are  very  variable.  Some  acids  have  veiy  high 
capacities  of  satnration,  of  others  a  much  larger  quantity  must  be  em- 
ployed to  neutralize  the  same  amount  of  base :  the  bases  themselves 
present  also  similar  phenomena.  Thus  to  saturate  47  parts  of  potassa, 
or  116  parts  of  oxide  of  silver,  there  are  required — 

40  parts  sulphuric  acid,  * 

54    „     nitiic  acid, 
75'5  „     chloric  acid, 
167     „     iodic  acid, 
51     „     acetic  acid, 

Kmnhers  rery  different,  but  representing  quantities  which  replace 
each  other  in  combination.  Now,  if  a  quantity  of  some  base,  such  as 
potassa,  be  taken,  which  is  represented  by  the  sum  of  the  equivalents 
of  potassium  and  oxygen,  then  the  quantity  of  any  acid  requisite  for  its 
neutralization,  as  deteimined  by  direct  experiment,  will  always  be 
found  equal  to  the  sum  of  the  equivalents  of  the  diffei'eut  components 
of  the  acid  itself. 

39  =  equivalent  of  potassium. 
8  =  „         oxygen. 

47  =  assumed  equivalent  of  potassa. 

47  parts  of  potassa  are  found  to  he  exactly  neutralized  by  40  parts 
of  real  sulphuric  acid,  or  of  54  parts  of  real  nitric  acid.  These  quan- 
tities are  evidently  made  up  by  adding  together  the  equivalents  of  Lheir 
constituents: — 

1  equivalent  of  sulphur  =16  1  equivalent  of  nitrogen  =  14 

^        n  oxygen  =  24  5  „  oxygen    =  40 

1        „    sulphuric  add  =  40  1         „        nitric  add  =  54 
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And  the  same  u  tnie  if  any  add  be  taken,  and  the  quantities  of 
different  bases  required  for  its  neutralization  determined  ;  the  com* 
bining  number  of  the  compound  will  always  be  found  to  be  the  sum 
of  the  combining  numbera  of  its  components,  however  complex  the 
substance  may  be.  Even  among  such  bodies  as  the  vegeto^lkalis  of 
organic  chemistry,  the  same  universal  rule  holds  good.  When  salts 
combine,  which  is  a  thing  of  very  common  occurrence,  as  will  hereafter 
be  seen,  it  is  always  in  the  ratio  of  the  equivalent  numbers.  Apart 
fipom  hypothetical  considerations,  no  ^  priori  reason  can  be  shown  whr 
such  should  be  the  case:  it  is,  as  before  remarked,  an  independent  law^ 
established  lik«  the  rest  by  ex^ieriment. 


A  curious  observation  was  very  early  mode  to  this  effect: — If  two 
neutral  salts  which  decompose  each  other  when  mixed,  be  brought  in 
contact,  the  new  compounds  resulting  from  their  mutual  decomposition 
will  also  be  neutt«l.  For  example,  when  solution  of  nitiate  of  baryta 
and  sulphate  of  potassa  are  mingled,  they  both  suffer  decomposition, 
sulphate/>f  baryta  and  nitrate  of  potassa  being  simultaneously  formed, 
both  of  which  are  perfectly  neutral.  The  reason  of  this  will  be  at  once 
evident ;  interchange  of  elements  can  only  take  place  by  the  displace- 
ment of  equivalent  quantities  of  matter  on  either  side.  For  every  54 
parts  of  nitric  acid  set  free  by  the  decomposition  of  the  baryta  salt, 
47  parts  of  potassa  are  abandoned  by  the  40  ports  of  sulphuric  acid 
with  which  they  were  previously  in  combination,  now  transferreJ  to  the 
baryta.  But  54  and  47  are  the  representatives  of  combining  quantities ; 
hence  the  new  compound  must  be  neutral.  Some  exceptions  will  be 
noticed  and  explained  hereafter, 

OOMBIKATION  BT  YOLUXE, 

Many  years  ago  M.  Gay-Lussac  made  the  very  important  and  in- 
teresting discovery  that  when  gases  combine  chemical  union  invariably 
takes  place  either  between  equal  volumes,  or  between  volumes  which 
bear  a  simple  relation  to  each  other.  This  is  not  only  true  of  elemen- 
tary gases,  but  of  compound  bodies  of  this  description,  as  it  is  inva- 
riably observed  that  the  contraction  of  bulk  which  so  frequently 
follows  combination  itself  also  bears  a  simple  relation  to  the  volumes 
of  the  combining  gases.  The  consequence  of  this  is  that  compound 
gases  and  the  vapours  of  complex,  volatile  liquids  (which  are  truly 
gases  to  all  intents  and  purposes)  follow  the  same  law  as  elementary 
bodies  when  they  unite  with  these  latter  or  combine  among  them- 
selves. 

The  ultimata  reason  of  the  law  in  question  is  to  be  found  in  the 
very  remarkable  relation  established  by  the  hand  of  Nature  between 
the  specific  gravity  of  a  body  in  the  gaseous  state  and  its  chemiod 
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e(]aiTBlent : — a  relation  of  such  a  kind  that  qaantitles  by  weight  of 
the  varioas  gases  expressed  bj  their  equivalents,  or  in*  other  words 
quaotitiea  by  weight  which  combine,  occupy  under  similar  circum- 
stances of  pressure  and  temperature  either  equal  Tolumes  or  volumes, 
bearing  a  simple  pro{M>rtioa  to  each  other.  In  the  example  cited- 
below,  equivalent  weights  of  hydrogen,,  chlorine,  and  iodine-vapour 
occupy  equal  volumes,  while  the  equivalent  of  oxygen  occupies  exactly 
balf  that  measure. 

Cabfo 
.'  fncbes, 

8*0  grains  of  oxygen  occupy  at  60°.(15®-5C)  and  30  in.  barom.  23'3 

1*0  grain  of  hydrogeu  •..,,..        46*7 

35*5  grains  of  chlorine       .         .         .     '   .        .     '  ,        .    46*2 

127'0  grains  of  iodine  vapour  (would  measure)  .         .        .        46*7 

If  both  the  specific  gravity  and  the  chemical  equivalent  of  a  gas  be 
known,  its  equivalent  or  combining  volume  can  be  easily  determined, 
since  it  will  be  represented  by  the  number  of  times  the  weight  of  an 
unit  of  volume  (the  specific  gravity)  is  contained  in  the  weight  of  one 
chemical  equivalent  of  the  substance.  In  other  words  the  equivalent 
volume  is  found  by  dividing  the  chemical  equivalent  by  the  sfieciHc 
gravity.  The  following  table  exhibits  the  relations  of  specific  gravity, 
equivalent  weight,  and  equivalent  volume  of  the  principal  elementary 
substances : — 


1^.  g^vlty. 

Equiv.  W€ 

Hydrogen 

0*0693 

1-0 

Nitrogen     .         • 

0-972 

14-0 

Chlorine 

2-470 

35-5 

Bromine-vapour  • 

5-395 

80-0 

Iodine-vapour 

8-716 

.       127-0 

Carbon-vapour* . 

0-418 

6-0 

Mercury-vapour 

7-000 

.  .       100-0 

Oxygen 

1-106 

8-0 

Phosphorus- vapour 

4-350 

32-0 

Arsenic-vapour    • 

10-420 

750 

Sulphur-vapour 

2-2 

16-0 

14' 

14- 

14- 

14' 

14' 

14' 

14' 

7' 

7- 

7- 

7- 


43 
37 
33 
82 
57 
34 
29 
23 
35 
19 
2 


or 


If 


}) 


it 


it 


If 


ft 


*y 


>> 


1 
1 
1 
1 
1 
1 
1 


Thiis  it  appears  that  hydrogen,  nitrogen,  chlorine,  bromine,  iodine, 
orbon,  and  mercury,  in  the  gaseous  state,  have  the  same  equivalent 
volume ;  oxygen,  phosphorus,  sulphur,  and  arsenic,  one-half  of  this. 
The  slight  discrepancies  in  tlie  nuinbei-s'  in  the  third  column  result 
chiefly  from  errors  in  the  determination  of  the  specific  gravities. 

Compound  bodies  exhibit  exactly  similar  results  : — 


*  See  fturther  on. 
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Water-vapour 
Protoxide  of  Ditrogen 
StUphurrtted  brdrogen . 
Sulphurous  add 
Carbonic  oxide     •         , 
Carbonic  add    . 
IJght  i-arbonetted  hydrogen 
Olefiant  gaa     . 
Binoxide  of  nitix)geQ      • 
Hydrochloric  add      . 
Phosphoretted  hydrogen 
Ammonia  . 

£ther  rapouf       .         • 
Acetone-vnpour         • 
Benzol -v{ipour      . 
Alcohol-vapour         . 


Sp.  gravity. 

.  0'625 
■525 
171 

•210 
973 
524 
559 

-981 
039 
269 

'240 
589- 

'586 
022 
738 
613 


1 

1- 

2 

0- 

1 

0- 

0' 

1 

1 

1' 

0- 

2- 

2" 
o. 

M 
1' 


!• 


Equiv.  weight 

.  9*0  .  , 

.  22-0  . 

.  170  . 

.  32-0  . 

.  14-0  .  , 

.  22-0  . 

.  8-0  . 

.  14-0  . 

.  30'0  , 

.  36*5  . 

.  35*0  .  , 

.•  17-0  . 

.  37-0  .  . 

.  29-0  .  , 

.  78-0  . 

.  4«-0  .  , 


Equlv. 

14 

,     14 

.     14 

.     14 

,     14 

.     14 

.     14 

.     14 

,     28 

.     28 

28 

.     28 

14 

14 

28 

28 


.  volmne. 
40  or  I 
43  „  1 

51  „  1 

52  „  1 
39  „  1 
43  „  1 
31  „  1 
27  „  I 
87  „  2 
70  „  2 
22  „  2 
■86  „  2 
31  „  1 
34  „  1 
49  „  2 


52  .,  2 


In  the  preceding  tables  the  ordinary  standard  of  spedfic  gravity  for 
gases^  atmospheric  air,  has  been  taken.  It  is,  however,  a  matter  of 
l)erfect  indifference  what  substance  may  be  chosen  for  this  purpose ;  the 
numbers  representing  the  combining  volumes  will  chancre  with  the 
divisor,  but  the  proportions  they  b^r  to  each  other  will  remain  uq- 
'altered.  And  the  same  remark  applies  to  the  equivalent  weights ; 
either  of  the  scales  in  use  may  be  taken,  provided  that  it  be  adhered 
to  throughout. 

The  law  of  volumes  oflen  s(*rves  in  practice  to  check  and  corrobo- 
rate the  results  of  experimental  investigation,  and  is  often  of  great 
service  in  this  respect. 

There  is  an  expression  sometimes  made  use  of  in  chemical  writings 
which  it  is  necessary  to  explain,  namely,  the  meaning  of  the  words 
hypothetical  density  of  vapour,  applied  to  a  substance  which  has  never 
been  volatilized,  such  as  carbon,  whose  real  specific  gravity  in  that 
state  must  of  course  be  unknown.  It  is  easy  to  understand  the  origin 
of  this  term.  Carbonic  add  contains  a  volume  of  oxygen  equal  to  its 
own ;  consequently,  if  the  specific  gravity  of  the  latter  be  subtracted 
from  that  of  the  former  gas,  the  i-esidue  will  express  the  proportion 
borne  by  the  weight  of  the  carbon,  ceilainly  then  in  a  vaporous  state, 
to  that  of  the  two  gases. 


The  spcdfic  gravity  of  carbonic  acid  is 
That  of  oxygen  is  .        •        •        • 


.     J -5240 
1-1057 

0-4183 

On  the  supposition  that  carbonic  acid  contains  equal  volumes  of 
oxygen  and  this  vapour  of  carbon,  condensed  to  one* half,  the  latter 
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will  biTe  the  specific  gravity  represented  by  0*4183  and  the  oombiirini^ 
Tolunoe  giren  in  the  table.  But  this  is  naerelj  a  supposition,  a  gness  \ 
no  }mM>f  can  be  given  that  carbonic  acid  gas  is  bo  conMtituted.  All 
that  can  be  safely  said  is  contained  in  the  prediction,  that,  should  the 
specific  gravity  of  the  vapour  of  cerbon  ever  be  determined,  it  will 
be  Ib6nd  to  coincide  with  this  number,  or  to  bear  tome  simple  and 
obTioas  relation  to  it. 

For  many  years  past  attempts  have  been  made  to  extend  to  solids 
and  liquiiis  the  results  of  Gay-Lussac's  discovery  of  the  law  of  gaseous 
combinatioli  by  volume,  the  combining  or  equivalent  volumes  of  the 
bodies  in  question  beii^  determined  by  the  method  pursued  in  the  case 
of  gases,  namely  by  dividing  the  chemical  equivaleut  by  the  specific 
gravity.  The  numbers  obtained  in  this  manner  representing  the  com- 
bining volumes  of  the  various  solid  and  Tiquid  elementary  substances, 
present  far  more  cases  of  discrepancy  than  of  agreement.  The  latter 
are,  however,  sufficiently  numerous  to  excite  great  int4*iest  in  the  in- 
vestigation. Some  of  the  results  pointed  out  ate  exceedingly  curious 
as  lar  as  they  go,  but  are  not  as  yet  sufficient  to  justify  any  general 
conclusion.  The  inquiry  is  beset  with  many  great  difficulties,  chiefiy 
arising  from  the  unequal  expansion  of  solids  and  liquids  by  heat,  and 
the  grpat  differences  of  physical  state,  and  consequently  of  specific 
gravity,  often  presented  by  the  former. 

Such  is  a  brief  account  of  the  great  laws  by  which  chemical  coro- 
binatiuns,  of  every  kind,  are  governed  and  regulated ;  and  it  cannot  be 
too  oflen  repeated,  that  the  discovery  of  these  beautiful  laws  has  been 
the  result  of  pure  experimental  inquiry.  They  have  b<fen  ef>tin>lished 
on  this  firm  atid  stable  foundation  by  the  joint  lal^ours  of  very  many 
illustrious  men  ;  they  are  the  expression  of  fsct,  and  are  totally  inde- 
pendent of  all  hypotheses  or  theories  whatsoever. 

CHEMICAL  notation;  STMB0L3. 

For  obnvenlence  in  communicating  ideas  respecting  the  composition 
and  supposed  constitution  of  chemical  compounds,  and  explaining  in  a 
clear  and  simple  manner  the  results  of  changes  they  may  happen  to 
undergo,  recourse  is  had  to  a  kind  of  written  symbolical  language,  the 
principle  of  which  must  now  be  explained.  To  represent  compounds 
by  symbols  is  no  novelty,  as  the  works  of  the  alchemists  will  &how ; 
but  these  have  been  mere  aibitrary  maiks  or  characters  invented  for 
the  sake  of  brevity,  or  sometimes  perhaps  for  tiiat  of  obscurity. 

Tht  plan  about  to  be  described  is  due  to  Berzelius :  it  has  beea 
*d(^ted,  with  slight  modifications,  wherever  chemistry  is  pui-sued. 

^very  elementary  substance  is  designated  by  the  finst  letter  of  its 
Latin  name,  in  capital,  or  by  the  first  letter  conjoined  with  a  second 
small  one,  the  most  characteristic  in  the  word,  as  the  names  of  many 
bodies  begin  alike.  The  single  letter  is  usually  confined  to  the  earliest 
^iucnveral,  or  most  important  eI«mentB»    Further,  by  a  most  ingenious 
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idea,  the  symbol  is  made  to  represent  not  the  substance  in  the  abstrad;, 
bat  one  equivalent  of  that  substance. 

Table  of  SyniMa  of  the  Elementary  Bodies, 


Alnminium         .        < 

.  Al 

Nickel       ; 

•    Ni 

Antimony  (Stibium; 

Sb 

Niobium         .         .         . 

Nb 

Arsenic      •         . 

.  As 

Nitrogen    • 

.    N 

Barium 

Ba 

Norium 

No 

Beryllium . 

.  Be 

Osmium     .        •        • 

.    Os 

Bismuth 

Bi 

Oxygen 

0 

Boron        ,     *  , 

.        ,  Bo 

Palladium  . 

.    Pd 

Bromine 

Br 

Phosphorus     .      "  , 

P 

Cadmium  . 

.  Cd 

Platinum    . 

.   Pt 

Caesium 

Cs 

Potassium  (Kalium) 

K 

Calcium     , 

.    Ca 

Rhodium    , 

.  R 

Carbon. 

C 

Rubidium 

Rb 

Cerium 

.    Ce 

Ruthenium  . 

.  Ru 

Chlorine 

.        CI 

Selenium 

Se 

Chromium.         • 

.    Cr 

Silicium 

.  Si 

Cobalt  . 

Co 

Silver  (Argentum)  . 

Ag 

Copper  (Cuprum 

,   Cu 

Sodium  (Natrium) 

.  Na 

Didymium     . 

.         Dy 

Strontium      , 

Sr 

Erbium 

,    Er 

Sulphur     . 

.     S 

Fluorine 

F 

Tantalum 

Tn 

Gold  (^unim)    . 

.    Au 

Tellurium . 

.    Te 

Hydi-ogen 

H 

Terbium 

Tb 

Iodine        •         , 

.    I 

Thallium  .        •         .     ' 

.    Tl 

Iridium 

Ir 

Thorium 

Th 

Iron  (Ferrum)    , 

.    Fe 

Tin  (Stannum)  . 

.    Sn- 

Lantanum       .         • 

Ln 

Titanium 

Ti 

Lead  (Plumbum)- 

.        .    Pb 

Tungsten  (Woiframium) 

.    W 

Lithium  •        .        « 

L 

Vanadium      «        •        « 

•     V 

Magnestium . 

.        .Mg 

Uritnium    . 

.    U 

Iklangauese     , 

Mn 

Yttrium        •        .        , 

Y 

^fercury  (Hydrargyrui 

ai)      .  Hg 

Zinc  .         .        •         . 

•    Zn 

Molybdenum  • 

31o 

Zirconium      .        •        . 

Zr 

Combination  between  bodies  in  the  ratio  of  the  equivalents  is  ex- 
pressed by  mere  juxta])osition  of  the  symbols,  or  sometimes  hy  inter- 
posing the  sign  of  addition.     For  example : — 

Water  .        .    HO.  or  H  +  O 

Hydrochloric  acid       HCl,  or  H  +  CI 
Protoxide  of  iron        FeO,  or  Fe  +  0 

Wlien  more  than  one  equivalent  is  intended,  a  suitable  number  is 
added,  sometimes  Jbeing  placed*  before  the  symM,  like  a  coefficient  in 
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ftlgebra,  sometimes  appended  after  the  manner  of  an  exponent,  bat 
more  commonly  placed  a  litUe  below  on  the  right. 

Binoxide  of  hydmgen  H  +  20.  or  HO',  or  HO, 
Sulphuric  acid  .  S+30,  or  S0»,  or  SO, 
Hyposulphuric  acid  2S+50,  or  S«0*,  or  S,0. 

Combination  between  bodies  themselves  compound  is  indicated  by 
the  sign  of  addition,  or  by  a  comma.  When  both  are  used  in  the  same 
formula,  the  lattelr  may  be  Tery  conveniently  appliei,  as  Professor 
Graham  has  suggested,  to  indicate  the  closest  and  most  intimate  union. 
A  number  standing  before  nymbols,  enclosed  within  a  bi-acket,  signiBes 
that  the  whole  of  the  latter  are  to  be  multiplied  by  that  number. 
Occasionally  the  bracket  is  omitted,  when  the  number  affects  all  the 
symbols  between  itself  and  the  uext  sign.  A  few  examples  will  serve 
to  illustrate  these  several  points. 

Sulphate  of  soda  NaO+SO,,  or  NaO,  SO, 
Nitrate  ofpotassa  KO+NO„  or  KO,  NO, 

The  base  being  always  placed  first. 
Double  sulphate  of  copper  and  potassa  CaO.SO,+  KOySO, 
The  same  in  a  crystallized  state  CuO,SO,+  K0,SOg-|-  6H0 

Common  ciystallized  alum,  or  double  sulphate  of  alumina  and  po- 
tassa, is  thus  written  :— 

A1,0„  3S0,+K0,  SO,+24HO. 

In  expressing  organic  compounds,  where  three  or  more  elements 
exist,  the  same  plan  is  used. 

Sugar        .        ,  .    C|jHj,Ou 

Alcohol  ,         .         C,H,Oa 

Acetic  acid  .  .     HO.C4  H,  0, 

Morphine        .         .         Qm^is^^s 

Acetate  of  moiphine  .    C„H„NO,,  HO,  C^H,0, 

Acetate  of  soda        .        NaO,  C^hfi, 

By  such  a  system,  the  eye  is  enabled  to  embrace  the  whole  at  a 
glance,  and  gain  a  distinct  idea  of  the  composition  of  the  body,  and  its 
relations  to  others  similarly  described. 


Some  authors  are  in  the  habit  of  making  use  of  contractions,  which* 
however,  are  by  no  menus  generally  adopted.  Thus,  two  equivaliynts 
of  a  substance  are  indicat^  by  the  symbol  with  a  short  line  drawn 
through  or  below  it;  an' equivalent  of  oxygen  is  signified  by  a  dot, 
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and  one  of  sulphur  by  a  comma.  These  alterations  are  sometimes 
convenient  for  abbreTiating  along  formula,  but  easily  liable  to  mistakes^ 
Thus, 

••• 
Sesquioxide  of  iron  FeO*,  or  Fe,  instead  of  FcfOg 

»» 
Bisulphide  of  Carbon  C,  instead  of  CS, 

Crystallized  alum  as  before  AI  3Sy  KS+24H. 


THE  ATOMIO  THEORT. 

That  no  attempt  should  hare  been  made  to  explain  the  reason  of  the 
very  remai'kable  manner  in  which  combination  occurs  in  the  production 
of  chemical  compounds,  and  to  point  out  the  nature  of  the  relations 
between  the  different  modifications  of  matter  which  Bx  and  determine 
these  peculiar  and  definite  diauges,  would  have  been  unliicely,  and  in 
contradiction  to  the  speculative  tendency  of  the  human  mind.  Such  an 
attempt,  and  a  very  sucressful  and  ingenious  one  it  is,  has  been  made 
namely,  the  atomic  hypothesis  of  I>r.  Dalton. 

From  very  ancient  time?,  the  question  of  the  constitution  of  matter 
with  respect  to  divisibility  has  beeu  debated,  some  adopting  the  opinion 
that  this  divisibility  is  infinite,  and  others,  tliat  when  the  particles 
become  reduced  to  a  certain  d^ree  of  tenuity,  far  indeed  beyond  any 
state  that  can  be  reached  by  mechanical  means,  they  cease  to  be  fuither 
diminished  in  magnitude;  they  become,  in  short,  atoms.*  >Iow, 
however  the  imsgination  may  succeed  in  figuring  to  itself  the  condi- 
tion of  matter  on  either  view,  it  is  hardly  necessary  to  mention  thai 
we  have  absolutely  no  means  at  our  disposal  for  deciding  such  a  ques- 
tion, whidi  remains  at  the  present  day  in  the  same  state  as  when  it 
first  engaged  the  attention  of  the  Greek  philosophers,  or  perhaps  that 
of  the  sages  of  Egypt  and  Hindostan  long  before  them. 

Dr.  DaJ ton's  hypothesis  sets  out  by  assuming  the  existence  of  snch 
atoms  or  in^visible  particles,  and  states,  that  compounds  are  formed 
by  the  union  of  atoms  of  different  bodies  one  to  one,  one  to  two,  Ac. 
The  compound  atom  joins  itself  in  the  same  manner  to  a  componnd 
atom  of  another  kind,  and  a  combination  of  the  second  oixler  i-esults. 
Let  it  be  granted,  further,  that  the  relative  weights  of  the  atoms  are 
in  the  proportions  of  the  equivalent  numbei's,  and  the  hypothesis 
becomes  capable  of  rendering  consistent  and  satisfactory  reasons  for 
all  the  consequences  of  those  beautiful  laws  of  coiubination  lately 
discussed. 

Chemical  compounds  muist  always  be  definite ;  they  must  always 

*  *AroyMf ,  tbat  wklok  osimoi  be  caL 
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contain  the  same  number  of  atoms,  of  the  same  kind,  airuiged  in  a 
similar  manner.  The  same  kind  and  number  of  atoms  need  not,  how- 
erer,  of  necessity  produce  the  fame  subatanoe*  for  they  may  be  difiiBr- 
ently  atranged  ;  and  much  depends  upon  this  circumi>tance. 

Again,  the  law  of  malti{)]e  proportiona  is  perfectly  well  eiplained : 
an  atom  of  nitrogen  unites  with  one  of  oxygen  to  form  laughing  gaa ; 
with  two,  to  form  binoxide  of  nitrogen  ;  with  thi-ee,  to  produce  nitrous 
acid ;  with  four,  hyponitric  acid  ;  and  with  five,  nitric  acid, — ^perhaps 
something  after  the  manner  represented  below,  in  which  the  circle 
with  a  cross  represents  the  atom  of  niti'ogen,  and  the  plain  circle  that 
of  oxygen. 

Protoxide  of      Binoxide  of     Nitrous       Hyponitric  Nitric 

nitrogen.  nitrogen.  add.  add.  add. 


'^ 


®oo©o^^ 


Two  atoms  of  one  substance  may  unite  themselves  with  three  or 
even  with  seven  of  another,  as  in  the  case  of  one  of  the  acids  of  man- 
ganese ;  but  such  combinatious  are  rare. 

The  mode  in  which  bodies  replace,  or  may  be  substituted  for,  each 
other,  itK  also  perfectly  intelligible,  as  a  little  consideration  will  show. 

Finally,  the  law  whic:h  fixes  the  equivalent  of  a  compound  at  the 
sum  of  the  equivalents  of  the  componeuta,  receives  an  equally  satisfac- 
tonr  explanation. 

The  difficulties  in  the  general  application  of  the  atomic  hypothesis 
are  chiefly  felt  in  attempting  to  establish  some  wide  and  univei*sal 
relation  between  combining  number  and  combining  volume,  among 
gases  and  vapours,  and  in  the  case  of  the  highly  complex  products  of 
organic  chemistry.  These  obstacles  have  gprowu  up  in  comparatively 
recent  times.  On  the  other  hand,  the  remarkable  observations  of  the 
spedfic  capacities  for  heat  of  equivalent  quantities  of  the  solid  elemen* 
tary  substances,  might  be  urged  in  favour  of  this  or  some  similar 
molecular  hypothesis.  But  even  here  serious  discrepancies  exist :  we 
may  not  take  liberties  with  equivalent  numbers  determined  by  exact 
chemical  research,  and,  in  addition,  a  simple  relation  is  generally  found 
to  be  wanting  between  the  capacity  for  heat  of  the  compound  and  that 
of  its  elements. 

The  theory  in  question  has  rendered  great  service  to  chemical 
science ;  it  has  excited  a  vast  amount  of  inquiry  and  investigation, 
which  bare  contributed  very  largely  to  define  and  fix  the  laws  of  com- 
bination themselves.     In  more  recent  days  it  is  not  impossible  that 
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I 
without  some  siich  hypothetical  guide  the  exquisitelj  beautiful  rela^ 
tions  which  Mitscherlich  and  others  have  shown  to  exist  between 
•crystalline  form  and  chemical  composition,  might  never  have  been 
brought  to  light,  or,  at  any  rate,  their  discovery  might  have  been 
greatly  delay«i.  At  the  same  time,  it  is  indispensable  to  draw  the 
broadest  possible  line  of  distinction  between  this,  which  is  at  the  best 
but  a  graceful,  ingenious,  and,  in  its  place,  useful  hypothesis,  and 
those  great  general  laws  of  chemical  action  which  ai'e  the  pure  and 
immixed  result  of  inductive  research.* 


Chemical  Affinity, 

The  term  chemical  affinity,  or  chemical  attraction,  has  been  inyented 
to  describe  that  particular  power  or  force,  in  virtue  of  whidi,  union, 
often  of  a  very  inUmate  and  pennanent  nature,  takes  place  between 
two  or  more  bodies,  in  such  a  way  as  to  give  rise  to  a  new  substance, 
having,  for  the  most  part,  properties  completely  in  discordance  with 
those  of  its  components. 

The  attraction  thus  exerted  between  different  kinds  of  matter  is  to 
be  distinguished  from  other  modifications  of  attractive  force  which 
are  exerted  indiscriminately  between  all  desciiptions  of  substances^ 
sometimes  at  enormous  distances,  and  sometimes  at  intervals  quite 
inappreciable.  Examples  of  the  latter  are  to  be  seen  in  cases  of  what 
is  called  oo^^on,  when  the  particles  of  solid  bodies  are  immovably 
bound  together  into  a  mass.  Then  there  are  other  effects  of,  if  pos-> 
sible,  a  still  more  obscure  kind  ;  such  as  the  various  actions  of  surface, 
the  adhesion  of  certain  liquids  to  glass,  the  repulsion  of  othera,  the 
ascent  of  water  in  narrow  tubes,  and  a  multitude  of  curious  pheno- 
mena which  are  described  in  works  on  Natural  Philosophy,  under  the 
head  of  molecular  actions.  From  all  these  true  chemical  attraction 
may  Ix  at  once  distinguished  by  the  deep  and  complete  change  of  cha- 
ractera  which  follows  its  exertion :  we  might  define  affinity  to  be  a 
force  by  which  new  substances  are  generated. 

It  seems  to  be  a  general  law  that  bodies  most  opposed  to  each  other 
in  chemical  properties  evince  the  greatest  tendency  to  enter  into  com- 
bination, and,  conversely,  bodies  between  which  strong  analogies  and 
resemblances  can  be  traced,  nmnifest  a  much  smaller  amount  of  mutual 
attraction.  For  example,  hydrogen  and  the  metals  tend  very  strongly 
indeed  to  combine  with  oxygen,  chlorine,  and  iodine.  The  attraction 
between  the  different  membera  of  these  two  groups  is  incomparably 
more  feeble.  Sulphur  and  phosphorus  stand,  as  it  were,  midway : 
they  combine  with  substances  of  one  and  the  other  class,  their  proper- 
ties separating  them  sufficiently  from  both,    ^dds  are  drawn  towards 

*  The  expression  alomie  wc\gbi  is  very  often  substituted  for  that  of  equi- 
valent weight,  and  Is,  in  fkkct»  in  almost  eveiy  case  to  be  understood  as  such:  it 
ii^  perhaps,  better  avoided. 
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alkalis,  nnd  alkalis  towards  acids,  while  anion  among  themselves  rarelj 
If  ever  takes  place. 

Nevei-theless,  chemical  combination  graduates  so  imperceptibl^r  into 
mere  mechanical  mixture,  that  it  is  often  impossible  to  mark  the  limit. 
Solution  is  the  result  of  a  weak  kind  of  affinity  existing  between  the 
sulhstance  dissolved  and  the  solvent:  an  affinity  so  feeble  as  com- 
pletely to  lose  one  of  its  most  prominent  features  when  in  a  more 
exalted  condition,  namely,  power  of  causing  elevation  of  temperature^ 
for  in  the  act  of  mere  solution  tlie  temperature  falls,  the  heat  of 
combination  being  lost  and  overpowered  by  the  effects  of  change  of 
state. 

The  force  of  chemical  attraction  thus  varies  greatly  with  the  nature 
of  the  substances  between  which  it  is  exerted  ;  it  is  influenced,  more- 
over, to  a  very  large  extent  by  external  or  adventitious  circumstances. 
An  idea  formerly  prevailed  that  the  relations  of  affinity  were  fixed  and 
constant  between  the  same  subitancee,  and  gi*eat  pains  were  taken  in 
the  preparation  of  tables  exhibiting  what  was  called  the  precedence  of 
affinities.  The  order  pointed  out  in  these  lists  is  now  acknowledged  to 
represent  the  order  of  precedence  for  the  circumstances  under  which 
the  experiments  were  made,  but  nothing  more ;  so  soon  as  these  cii>> 
cumstances  become  changed,  the  order  is  disturbed.  The  ultimate 
effect,  indeed,  is  not  the  result  of  the  exercise  of  one  single  foixw,  but 
rather  the  joint  effect  of  a  number,  so  complicated  and  so  variable  in 
intensity,  that  it  is  but  seldom  possible  to  predict  the  consequences  of 
any  yet  untried  experiment.  The  following  may  serve  as  examples  of 
the  tables  alluded  to  :  the  first  illosti-ates  Uie  relative  affinities  of  a 
nomber  of  bases  for  sulphuric  acid,  each  decomposing  the  combination 
of  the  acid  with  the  base  below  it :  thus  magnesia  decomposes  sulphate 
of  ammonia ;  lime  displaces  the  acid  from  sulphate  of  magnesia,  &c. 
The  salts  are  supposed  to  be  dissolved  in  water.  The  secoud  table 
exhibits  the  order  of  affinity  for  oxygen  of  several  metals,  mei-cury,  re- 
dadng  a  solution  of  silver,  copper  one  of  mercury,  &c 


Sulphuric  Acid. 

Baryta,  Lime, 

Strontia,  Magnesia, 

Potassa,  Ammonia, 
Soda« 


Oxygen. 
Zinc,  Mercury, 

Lead,  Silver, 

Copper* 


It  will  be  proper  to  examine  shortly  some  of  these  extraneous  causes 
to  which  allusion  has  been  made,  which  modify  to  so  great  an  extent 
the  direct  and  original  effects  of  the  specitic  attractive  force. 

Alteration  of  temperature  may  be  reckoned  among  these.  When 
inetallio  mercurj  is  heated  nearly  to  its  boiling  point,  and  in  that 
state  exposed  for  a  lengthened  period  to  the  air,  it  absorbs  oxygen, 
and  becomes  converted  into  a  dark-red  crystailiue  powder.  This 
t«ry  same  substance,  when  raised  to  a  still  higher  tempemtm'e,  spon- 
taneously separates  into  metallic  mercmy  and  oxygen  gas*    It  may 
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be  said,  imd  probably  ivith  trnth,  that  the  latter  change  is  greatly 
aided  by  the  tendency  of  the  metal  to  assume  the  vafioroiis  state; 
bat  precisely  the  same  fact  is  obsei-red  with  another  metal,  palla- 
dium, which  is  not  volatile  at  all,  bat  which  oxidizes  superiicially  at 
a  red-heat,  and  again  becomes  reduced  when  the  temperature  rises  to 
whiteness. 

Insolubility  and  the  power  of  Taporization  are  perhaps,  beyond  aU 
other  disturbing  causes,  the  most  potent;  they  interfere  in  almost 
every  reaction  which  takes  place,  and  very  frequently  turn  the  scale 
when  the  opposed  forces  do  not  greatly  differ  in  enei-gy.  It  is  easy  to 
give  examples.  When  a  solution  of  lime  in  hydrochloric  acid  is  mixed 
with  a  solution  of  carbonate  of  ammonia,  double  interchange  ensues, 
carbonate  of  lime  and  hydrochlorate  of  ammonia  being  generated* 
Here  the  action  can  be  shown  to  be  in  a  great  measure  determined  by 
the  insolubility  of  the  carbonate  of  lime.  Again,  dry  carbonate  of  lime, 
powdered  and  mixed  with  hydrochlorate  of  ammonia,  and  the  whole, 
heated  in  a  retort,  gives  a  sublimate  of  carbonate  of  ammonia,  while 
chloride  of  calcium  remains  behind.  In  this  instance,  it  is  no  donbt 
the  great  volatility  of  the  new  ammoniacal  salt  which  chiefly  determines 
the  kind  of  decomposition. 

When  iron  filings  are  heated  to  redness  in  a  porcelain  tube,  and 
vapour  of  water  passed  over  them,  the  water  widergoes  decomposition 
with  the  utmost  fiicility,  hydrogen  is  rapidly  disengaged,  and  the  iron 
cbnverttid  into  oxide.  On  the  other  hand,  oxide  of  iron,  heated  in  a 
tube  through  which  a  stream  of  dry  hydrogen  is  passed,  suffers  almost 
instantaneous  reduction  to  the  metallic  state,  while  the  vapour  of 
water,  carried  toi-ward  by  the  current  of  g^  escapes  as  a  jet  of  steam 
from  the  extremity  of  Uie  tube.  In  these  experiments  the  affinities 
between  the  iron  and  oxygen  and  the  hydrogen  and  oxygen  are  so 
nearly  balanced,  that  Ihe  differrace  of  atmosphere  is  sufficient  to  settle 
the  point.  An  atmosphere  of  steam  offers  little  resistance  to  the  escape 
of  hydrogen  ;  one  of  hydrogen  bears  the  same  relation  to  steam  ;  and 
this  apimrently  trifling  difference  of  circumstances  is  quite  enough  for 
the  pui-pose. 

The  decomposition  of  vapour  of  water  by  white-hot  platinum, 
pointed  out  by  Mr.  Grove,  will  probably  be  referred  in  great  part  to 
this  influence  of  atmosphere,  the  steam  offering  great  facilities  for  the 
assumption  of  the  elastic  condition  by  the  oxygen  and  hydrogen. 
The  decomposition  oeaaes  as  soon  as  tliese  gasea  amount  to  about  j^ 
of  the  bulk  of  Uie  mixture,  and  can  only  be  renewed  by  their  with- 
drawal. The  attraction  of  oxygen  for  hydrogen  is  probably  much 
weakened  by  the  very  high  temperature.  The  recombination  of  the 
gases  by  the  heated  metal  is  rendered  impossible  by  their  state  of 
dilution. 

What  is  called  the  nascent  state  is  «ie  very  favourable  to  chemical 
oombination.  Thus,  carbon  and  nitrogen  refuse  to  combine  with 
gaseous  hyditjgen  \  yet  when  these  substances  ai'e  simultaneously  libe*. 
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nAfS.  froin  some  previous  oombination,  they  unite  with  great  ease,  as 
Trhen  organic  matters  are  destroyed  by  heat,  or  by  spontaneous  putre- 
ftctive  change.  There  is  a  strai^  and  extraordinary,  and  at  the  same 
time  very  extensiTe  class  of  actions,  grouped  together  under  the  general 
title  of  cases  of  disposing  aftinity.  The  prepai  ation  of  hydrogen  from 
sine  and  sulphnric  acid  is  one  of  the  most  familiar.  A  piece  of  polished 
zinc  or  irmi,  put  into  pure  water,  manifests  no  power  of  decomposing 
the  latter  to  the  smallest  extent ;  it  remains  perfectly  bright  for  any 
length  of  time.  On  the  addition,  however,  of  a  little  sulphuric  acid, 
hydrogen  is  at  once  freely  disengaged,  and  the  metal  becomes  oxidised 
and  dissolved.  Now,  the  only  intelligible  function  of  the  acid  is  to 
dissolve  off  the  oxide  as  fast  as  it  is  produced :  but  why  is  the  oxide 
produced  when  acid  is  present,  and  not  otherwise  ?  The  question  is 
Tery  dilBcult  to  answer. 

Great  numbers  of  examples  of  this  curious  indirect  action  might  be 
adduced.  Metallic  silver  does  not  oxidize  at  any  temperature:  nay 
more,  its  oxide  is  easily  decomposed  by  simple  heat ;  yet  if  the  finely- 
divided  metal  be  mixed  with  siliceous  matter  and  alkali,  and  ignited, 
the  whole  fuses  to  a  yellow  transparent  glass  of  silicate  of  silver. 
Platinum  is  attacked  by  fused  hydrate  of  potassa :  hydr(^en  is  pro- 
bably disengaged  while  the  metal  is  oxidized :  this  is  an  effect  which 
never  happens  to  silver  under  the  same  circumstances,  although  silver 
is  a  mudi  more  oxidable  substance  than  platiuum.  The  fact  is,  that 
potnssa  forms  with  the  oxide  of  the  last>named  metal  a  kind  of  saline 
combination,  in  which  the  oxide  of  platinum  acts  as  an  acid ;  and 
hence  its  formation  under  the  disposing  influence  of  the  powerful 


In  the  remarkable  decompositions  suffered  by  various  organic  bodies 
when  heated  in  contact  with  caustic  alkali  or  lime,  we  have  other 
examples  of  the  same  fact.  Products  are  generated  which  are  never 
formed  in  the  absence  of  the  base ;  the  reaction  is  invariably  less  com- 
plicated, and  its  results  few  in  number  and  more  definite,  than  in 
the  event  of  simple  destruction  by  a  graduated  heat.  The  preparation 
of  light  carbonetted  hydrogen  by  the  artificial  process,  already  described, 
is  an  excellent  example. 

There  is  yet  a  still  more  obscure  class  of  phenomena,  in  which 
effects  are  brought  about  by  the  mere  presence  of  a  substance,  which 
itself  undergoes  jio  change  whatever:  the  experiment  mentioned  in 
the  article  on  oxygen,  in  which  that  gas  is  obtained,  with  the  greatest 
fiuality,  by  heating  a  mixture  of  chlorate  of  potassa  and  binoxide  of 
manganese,  is  an  excellent  case  in  point.  The  salt  is  decomposed  at  a 
very  far  lower  temperature  than  would  otherwise  be  required.  The 
oxide  of  manganese,  however,  is  not  in  the  slightest  degree  altered ;  it 
is  found,  afler  the  experiment,  in  the  same  state  as  before.  The  name 
Aatalytia  is  sometimes  given  to  these  peculiar  actions  of  contact :  the 
expression  is  not  significant,  and  may  be  for  that  reason  the  more 
admissible,  as  it  suggests  no  explanation. 
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It  is  proper  to  remark  that  the  contact  decompositions  allnded  iA 
are  sometimes  mixed  op  with  other  effects,  which  are,  in  reality,  mudi 
more  intelli^ble,  as  the  action  of  finely-divided  platinum  upon  certain 
gaseous  mixtures,  in  which  the  solid  really  seems  to  have  the  power  of 
condensing  the  gas  nfion  its  gi-eatly-extended  surface  and  thereby 
inducing  combination  by  bringing  the  particles  within  the  sphere  of 
their  mutual  attractions. 


2d5 


ELECTRO-CHEMICAL  DECOMPOSITION ;  CHEMISTRY  OF 

THE  VOLTAIC  PILE. 


When  a  Toltaic  current  of  considerable  power  ia  made  to  traverse 
TarioQs  oomponDd  liquids,  a  separation  of  the  elements  of  these  liquids 
ensues :  provided  that  the  liquid  be  capable  of  conducting  the  cuiTent, 
its  decomposition  almost  alwajs  follows. 

The  elements  are  disengaged  solely  at  the  limiting  surfaces  of  the 
liquid ;  where  according  to  the  common  mode  of  speech,  the  current 
eotera  and  leaves  the  latter,  all  the  intermediate  portions  appearing 
perfectly  quiescent.  In  addition,  the  elements  ai'e  not  separated  indif- 
ferently and  at  random  at  these  two  surfaces ;  but,  on  the  contrary, 
make  their  appearance  with  perfect  uniformity  and  constancy  at  one 
or  the  other,  according  to  their  chemical  character — ^namely,  oxygen, 
dilorine,  iodine,  acids,  &c.,  at  the  surface  connected  with  the  copper  or 
positwe  end  of  the  battery ;  hydrogen,  the  metals,  &c.,  at  the  surface 
in  connection  with  the  zinc  or  negative  extremity  of  the  arrangement. 

The  terminations  of  the  battery  itself,  usually,  but  by  no  means 
ncDessarily,  of  metal,  are  designatni  poles  or  electrodes,*  as  by  their 
intervention  the  liquid  to  be  experimented  on  is  made  a  part  of  the 
circuit.  The  process  of  decomposition  by  the  current  is  called  electro^ 
/j|!8is,t  and  the  liquids,  which,  when  thus  treated,  yield  up  their  ele-> 
ments,  are  denominated  electrolytes, 

Whoi  a  pair  of  platinum  plates  are  plunged  into  a  glass  of  water  to 
which  a  few  drops  of  oil  of  yitriol  have  been  added,  and  the  plates 
connected  by  wires  with  the  extremities  of  an  active  battery,  ox}  gen  is 
diieogaged  at  the  positive  electrode,  and  hydrogen  at  the  negative,  in 
the  proportion  of  one  measure  of  the  former  to  two  of  the  latter  nearly. 
This  experiment  has  before  been  described.^ 

A  solution  of  hydrochloric  acid  mixed  with  a  little  Saxon  blue 
(indigo),  and  treated  in  the  same  manner,  yields  hydrogen  on  the  nega** 
tive  side  and  chlorine  on  the  positive,  the  indigo  there  becoming 
bleached. 

Iodide  of  potassium  dissolved  in  water  is  decomposed  in  a  similar 
Banner :  the  fi^ee  iodine  at  the  positive  side  can  be  rec(^nized  by  its 
brown  colour,  or  by  the  addition  of  a  little  gelatinous  starch. 


*  From  nAcjrrpor,  and  &3bf ,  a  way. 
t  ¥nm  ifAcxrpoy,  and  Au»,  I  looseu 
PSMiaa. 
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Every  liquid  is  not  an  electrolyte ;  many  refuse  to  conduct,  and  no 
decomposition  can  then  occur ;  alcohol,  ether,  numerous  essential  oils, 
and  other  products  of  organic  chemistry,  besides  a  few  saline  inorganic 
compounds,  act  in  this  manner,  and  completely  arrest  the  current  of 
a  powerful  battery.  It  is  a  very  curious  fact,  and  well  deserves 
attention,  that  nearly,  if  not  all  the  substances  acknowledged  to  be 
susceptible  of  electrolytic  decomposition  belong  to  one  class;  they 
are  all  binary  oompotmds,  oontnining  single  equivalents  of  their  com- 
ponents, the  latter  being  strongly  ofiposed  to  each  other  in  their  che^ 
,   mical  relations,  and  held  together  by  very  powerful  affinities. 

One  of  the  most  important  and  indispensable  conditions  of  electro- 
lysis is  fluidity:  bodies  which  when  reduced  to  the  liquid  condition 
freely  conduct,  and  as  freely  su£fer  decomposition,  become  absolute 
insulators  to  the  electricity  of  the  battery  when  they  become  solid. 
Chloride  of  lead  ofTei^  a  good  illustration  of  this  fact:  when  fused  in  a 
little  poi-oelain  crucible  it  gives  up  its  elements  with  the  utmost  ease, 
and  a  galvanometer,  interposed  somewhere  in  the  circuit,  is  strongly 
affected.  But  when  the  source  of  heat  is  vritbdrawn,  and  the  «Jt 
suffered  to  solidify,  signs  of  decomposition  cease,  and  at  the  same 
moment  the  magnetic  needle  reassumes  its  natural  position.  In  the 
some  manner  the  thinnest  film  of  ice  arrests  the  curi-ent  of  a  powerful 
voltaic  apparatus:  the  instant  the  ice  is  liquefied  at  any  one  point, 
80  that  water  communication  is  restored  between  the  electix)des,  the 
current  again  passes,  and  decomposition  occurs.  Fusion  by  heat,  and 
solution  in  aqueous  liquids,  answer  the  purpose  equally  well. 

Generally  speaking,  compound  fluids  cannot  conduct  the  electric 
current  without  being  decomposed ;  but  still  there  are  a  few  exceptions 
to  this  statement,  which  perhaps  are  more  apparent  than  real  Thus 
Hittorf  has  shown,  that  fluid  sulphide  of  silver,  which  was  formerly 
considered  to  be  one  of  the  exceptions,  cannot  be  considered  to  be  so, 
and  Beetz  has  since  proved  the  same  to  be  the  case  as  regards  iodide  of 
meix^ury  and  fluoride  of  lead. 

The  quantity  of  any  given  compound  liquid  which  can  be  decom- 
posed by  any  given  electric  battery  depends  on  the  resistance  of  the 
fluid :  the  more  resistance  the  less  decomposition.  Distilled  water  has 
only  a  small  power  of  conduction,  and  is  therefore  only  slightly  decom- 
posed by  a  battery  of  30  to  40  pairs  ;  whilst  diluted  sulphuric  acid  is 
one  of  the  best  of  fluid  conductors,  and  undergoes  rapid  decomposition 
by  a  small  battery. 

When  a  fluid,  which  can  be  decomposed,  and  a  galvanometer  are 
included  in  the  circuit  of  an  electric  current,  if  the  needle  of  the  gal- 
vanometer be  deflected,  it  may  be  always  assumed  as  certain  that  a 
portion  of  fluid,  bearing  a  proportion  to  the  strength  of  the  current,  is 
decomposed,  notwithstanding  it  may  be  impossible  in  many  cases,  without 
special  contrivances,  to  detect  the  products  of  the  decomposition,  on 
account  of  their  minuteness. 

The  metallic  terminations  of  the  battery,  the  poles  or  electi-odes. 
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hare,  in  thenudreB,  nothiDg  in  the  »hn]w.  of  nttnictiye  or  repulsive 
power  for  the  elements  so  olHen  tsepaiiUed  at  their  surfeces.  Finelj- 
divided  metal  suspended  in  water,  or  chlorine  held  in  solution  in  that 
Uquid,  shows  not  the  least  sjmptom  of  a  tend^cy  to  accumulate 
around  them;  a  single  element  is  altogether  unaffected,  directly  at 
least;  separatioa  from  previous  comhination  is  required,  in  order  that 
this  appearance  should  he  exhibited. 

It  is  necessary  to  examine  the  process  of  electrolysis  a  little  more 
closely.  When  a  portion  of  water,  for  example,  is  subjected  to  de- 
composition  in  a  glass  vessel  with  parallel  sides,  oxygen  is  disengaged 
at  the  positive  electrode,  and  hydrogen  at  the  negative :  the  gases  are 
perfectly  pure  and  jmmixed.  If,  while  the  decomposition  is  rapidly 
proceeding,  the  intervening  water  be  examined  by  a  beam  of  light,  or 
bv  other  means,  not  the  silightest  disturbance  or  movement  of  any  kind 
will  be  perceived ;  nothing  like  currents  in  the  liquid  or  bodily  transfer 
of  gas  from  one  paH  to  another  can  be  detected ;  and  yet  two  portions 
of  water,  separated  perhaps  by  an  interval  of  four  or  Hve  inches,  may 
be  respectively  evolving  pure  oxygen  and  pure  hydrogen. 

There  is,  it  would  seem,  but  one  mode  of  explaining  this  and  all 
similar  cases  of  regular  electrolytic  decomposition :  this  is  by  assuming 
that  cUl  the  particles  of  water  between  the  electrodes,  and  by  which 
the  current  is  conveyed,  simultaneously  suffer  decomposition,  the  hy^ 
drogen  travelling  in  one  direction,  and  the  oxygen  in  the  other.  The 
neighbouring  elements,  thus  brought  into  close  proximity,  unite  and 
reproduce  water,  again  destined  to  be  decomposed  by  a  repetition  of 
the  same  change.  In  this  manner  each  }«rticle  of  hydn^n  may  be 
made  to  travel  in  one  direction,  by  becoming  successively  united  to 
each  particle  of  oxygen  between  itself  and  the  negative  electrode; 
when  it  reaches  the  latter,  tinding  no  disengaged  particle  of  oxygoi 
for  its  reception,  it  is  rejected,  as  it  were  from  the  series,  and  thrown 
off  in  a  separate  state.  The  same  thing  happens  to  each  particle 
of  oxygen,  which  at  the  same  time  passes  continually  in  the  opposite 
directioo,  hy  combining  successively  with  each  particle  of  hydrugea 

Fig,  132. 
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Water  In  Its  nsoal  state. 


that  moment  separated,  with  which  it  meets,  nntil  at  length  it  arrives 
tt  the  positive  plate  or  wii-e,  and  is  disengnged.  A  succession  of  par- 
ticles of  hydn^n  are  thus  continually  thrown  off  from  the  decom- 
posing mass  at  one  extremity,  and  a  corresponding  succession  of  par- 
tides  of  oxygen  at  the  other.   The  power  of  the  current  is  exerted  with 
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equftl  enei^  in  every  part  of  the  liquid  condactor,  thoagh  its  effeds 
4>uly  become  manifest  at  the  very  extremities.  The  action  is  one  of  a 
purely  molecular  or  internal  nature,  and  the  metallic  terminations  of 
the  Wtery  mei'ely  sen'e  the  purpose  of  completing  the  connection  be- 
tween the  latter  and  the  liquid  to  be  decom|x»ed.  The  Bgures  133 
and  134  are  intended  to  assist  the  imagination  of  the  reader,  who  must 
at  the  same  time  avoid  r^rding  them  in  any  other  light  than  that  of 
a  somewhat  figurative  mode  of  representing  the  curious  phenomena 
described.  The  circles  are  intended  to  indicate  the  elements,  and  are 
distinguished  by  their  respective  symbols. 

Fig.  134. 


Water  undergoing  elecirolysls. 


Like  water,  nil  electrolytes  when  acted  on  by  electricity  are  split  into 
two  constituents,  which  pass  in  opposite  directions.  The  one  class  of 
substances,  lilce  oxygen,  chlorine,  &c.,  are  evolved  at  the  positive  elec- 
trode ;  the  other  class,  like  hydi-ogen  and  the  metals,  at  the  native 
electrode.  • 

It  is  of  importance  to  remark  that  the  oxygen  salts  when  acted  on  by 
the  current  do  not  divide  into  oxide  and  acid,  but,  as  Daniell  and  Miller 
pi'oved,  into  metal  and  a  compound  substance,  or  gix>up  of  elements, 
which  is  transferred  in  such  a  state  of  association  that,  as  regards  its 
electrical  behaviour,  it  represents  an  element  Thus  sulphate  of 
copper  splits  into  metallic  copper  and  a  group  of  elements  consisting 
of  one  equivalent  of  sulphur  and  four  equivalents  of  oxygen.  Hydrated 
sulphuric  acid  divides  into  the  same  compound  group  ai)d  bydrog^i. 
In  a  similar  way,  also,  the  part  of  the  electrolyte  that  passes  to  the 
negative  pole  may  consist  of  a  group  of  elements.  A  solution  of  sal 
ammoniac  furnishes  a  beautiful  instance  of  this  fact,  since  it  is  decom* 
posed  by  the  current  in  such  a  manner  that  the  ammonium  goes  to  the 
negative,  and  the  chlorine  to  the  positive  pole. 

A  distinction  is  to  be  carefully  drawn  between  true  and  regular  elec* 
trolysis,  and  what  is  called  secondary  decomposition,  brought  about  by 
the  reaction  of  the  bodies  so  eliminated  upon  the  surrounding  fluid,  or 
upon  the  substance  of  the  electrodes :  hence  the  advantage  of  platinum 
for  the  latter  purpose  when  electrolytic  actions  are  to  be  studied  in  their 
greatest  simplicity,  that  metal  being  scarcely  attacked  by  any  ordinary 
agents.  When,  tor  example,  a  solution  of  nitrate  or  acetate  of  lead  ia 
decomposed  by  the  current  between  platinum  plates,  metallic  lead  is 
deposited  at  the  negative  side,  and  a  brown  powder,  binoxide  of  lead^ 
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at  the  pasitire:  the  latter  substance  is  the  result  of  a  secondarf  action; 
it  proceeds,  in  fact,  from  the  nascent  oxygen  at  the  moment  of  its 
liberation  reacting  upon  the  protoxide  of  Ittd  present  in  the  salt,  and 
eoDverting  it  into  binoxide,  which  is  insoluble  in  the  dilute  acid.  When 
nitric  acid  is  decomposed  no  hydrc^en  appears  at  the  negative  electrode, 
because  it  is  oxidized  at  the  expense  of  the  acid,  which  is  reduced  to 
nitrous  acid  gas.  If  sulphate  of  potassa  is  electrolyxed,  hydn^ea 
appears  at  the  negative  electrode,  together  with  an  equivalent  quantity 
of  potaasn,  because  the  potassium  which  is  evolved  at  the  electrode 
immediately  decomposes  the  water  that  is  present. 

If  a  number  of  difierent  electrolytes,  such  as  acidulated  water, 
sulphate  of  copper,  iodide  of  potassium,  fused  chloride  of  lead,  &c.,  be 
arranged  in  a  series,  and  the  same  cun'ent  be  made  to  traverse  the 
whole,  all  will  suffer  decomposition  at  the  same  time,  but  by  no  means 
to  the  same  amount.  If  arrangements  be  made  by  which  the  quan<> 
titles  of  the  eliminated  elements  can  be  accurately  ascertained,  it  will 
be  found,  when  the  decomposition  has  proceeded  to  some  extent,  thai 
these  latter  will  have  been  disengaged  exactly  in  the  ratio  of  the  che* 
miocd  equivalents.  The  same  current  which  decomposes  9  parts  of 
water,  will  separate  into  their  elements  166  parts  of  iodide  of  potas^ 
Slum,  1 89  parts  of  chloride  of  load,  &c.  Hence  the  very  important 
conclusion: — The  action  of  the  current  is  perfectly  definite  in  its 
nature,  producing  a  fixed  and  constant  amount  of  decomposition, 
expressed  in  each  electrolyte  by  the  value  of  its  chemical  equivalent. 

From  a  very  extended  series  of  experiments,  based  on  this  and  other 
methods  of  research,  Mr.  Faraday  was 
enabled  to  draw  the  general  inference 
that  eflTects  of  chemical  decomposition 
were  always  proportionate  to  the  quan- 
tity  of  circulating  electricity,  and  might 
be  taken  as  an  accurate  and  trustworthy 
measure  of  the  latter.  Guided  by  this 
highly.important  principle,  he  con- 
structed his  xxMameter,  an  instrument 
which  has  rendered  the  greatest  service 
to  electrical  science.  This  is  merely  an 
arrangement  by  which  a  little  acidulated 
water  is  decomposed  by  the  current,  the 
gas  evolved  being  collected  and  mea- 
sared.  By  placing  such  an  instvument 
in  any  part  of  the  circuit,  the  quantity 
of  electric  force  necessary  to  produce 
any  given  effect  can  be  at  once  estimated  ;  or,  on  the  other  hand,  an)r 
required  amount  of  the  latter  can  be,  as  it  were,  measured  out  and 
adjusted  to  the  object  in  view.  The  voltameter  has  received  many 
different  forms:  one  of  the  most  extensively  useful  is  that  figured,  in 
which  the  platinum  plates  are  separated  by  a  very  small  interval,  and 
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the  gas  is  collected  in  a  graduated  jar  standing  on  the  shelf  of  the 
pneamatic  trough,  the  tuhe  of  the  instrument,  which  is  filled  to  the 
neclc  with  dilute  sulphuric  add,  being  passed  beneath  the  jar. 

The  decompoation  of  the  voltaic  battery  can  be  effected  hy  the  eUc^ 
iridtj  of  the  common  machine,  by  that  developed  by  magnetic  action, 
and  by  that  of  animal  origin,  but  to  an  extent  incomparably  more  mi- 
nute. This  aiiaes  from  the  very  small  quantity  of  electridty  set  in 
motion  by  the  machine,  although  its  tension,  that  is,  power  of  over- 
coming ohstades,  and  passing  through  imperfect  conductors,  is  exceed- 
ingly great.  A  pair  of  small  wires  of  zinc  and  platinum,  dipping  into 
a  single  drop  of  dilute  add,  develop  far  more  electricity,  to  judge  from 
the  chemical  effects  of  such  an  arrangement,  than  very  many  turns  of 
a  large  plate  electrical  machine  in  powerful  action.  N'everthelessy 
polar  or  electrolytic  decomposition  can  be  distinctly  and  satisiactorily 
effected  by  the  ktter,  although  on  a  minute  scale. 

With  a  knowledge  of  the  principles  laid  down,  the  study  of  the  vol- 
taic battery  may  be  resumed  and  rompleted.  In  the  first  place,  two 
very  different  views  have  beeu  held  concerning  the  source  of  the  eleo- 
tri(»l  dii^turbanoe  in  that  apparatus.  Volta  himself  ascribed  it  to 
mere  contact  of  dissimilar  metals  or  other  substances  omiductiog 
electricity ;  to  what  was  denominated  an  electro-motice  force,  called 
into  being  by  such  contact.  Proof  was  supposed  to  be  given  of  the 
fundamental  position  by  an  experiment  in  which  discs  of  zinc  and 
copper  attached  to  insulating  handles,  afler  bdng  brought  into  close 
contact,  were  found,  by  the  aid  of  a  very  delicate  gold-leaf  elec- 
troscope, to  be  in  opposite  electiical  states.  It  appears,  however, 
that  the  more  carefully  this  expaiment  is  made,  the  smaller  is  the 
effect  observed;  and  heuce  it  is  judged  highly  probable  that  the 
whole  may  be  due  to  accidental  causes,  against  which  it  is  almost 
impossible  to  guard. 

On  the  other  hand,  the  observation  was  soon  made  that  the  power 
of  the  battery  always  bore  some  kind  of  proportion  to  the  chemical 
action  upon  the  zinc;  that,  for  instance,  when  pure  water  was  used 
the  effect  was  extremely  feeble  ;  with  a  solution  of  salt,  it  becnme  much 
greater;  and,  lastly,  witli  dilute  add,  greatest  of  all;  so  that  some 
relation  evidratly  existed  between  the  chemical  effect  upcm  the  metal, 
and  the  evolution  of  electrical  force. 

The  ezperiments  of  Mr.  Faraday  and  Professor  Daniell  have  given 
very  great  support  to  the  chemical  theory,  by  showing  that  the  coutact 
of  dissimilar  metals  is  not  necessary  in  onler  to  call  into  being  powerful 
electrical  currents,  and  that  the  developement  of  electrical  force  is  not 
only  in  some  way  connected  with  the  chonical  action  of  tlie  liquid  of 
the  battery,  but  that  it  is  always  in  direct  proportion  to  the  latter. 
One  very  beautitiil  experiment,  in  which  decomposition  of  iodide  of 
potassium  by  I'eal  electrolyvis  is  performed  by  a  current  generated 
without  any  contact  of  dissimilar  metals,  can  be  thus  raaile: — A  plate 
of  ziiic  is  bent  at  a  right  angle,  and  cleaned  by  rubbing  with  saudr 
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1  frw  dropi  of  aitric.  A  brown  tpot  ol 
bKODUs  in  •  Tnoment  evident  beonlh  tiif  eitreinitf 
of  the  plitiaam  wire;  Ihit  in,  at  the  potitiTc  lido  of 
the  ammgemeDt. 

A  •trong  argument  in  IsTour  of  tbe  chemioil  liew 
i)  foBuded  on  the  ensilj-pmred  (act,  thai  the  direc- 
tion of  the  camut  ii  determined  by  the  hind  of 
ictioB  upon  the  metali,  the  cue  lenst  nttacked  being 
alvajn  poaitive.     Let  two  poliihed  plntea,  the  ooe 
iron  and  the  other  copper,  tie  cooneLted  by  wirei 
with  a  galTanotneter,  and  then  immeiied  ia  a  solution  of  an  allialino 
■nlphide.      The  needle  in  a  mnment  indiaitea  s  powerful  current,  piusing 
frota  the  copper   through    the  liquid,  lo    the    iron,  and    back  again 
thnnigh  the  wire.     LfI  the  plates  be   now   remoTed,   cleaned,   and 
plunged  into  dilute  acid;  the  neelle  is  again  driven  round,  but  in 
the  oppc«it«  direction,  the  current  now  paasicg  from  the  iron,  throi^ 
Ihc  liquid,  to  th«  copper.     In  the  first  iDtlance  the  copper  is  acted 
upon,  and  not  the  iron  ;  in  the  second,  these  condition!  are  rerened, 
ami  with  them  the  direction  of  the  cuneot. 

The  metala  employed  in  the  practical  conalruction  of  voltaic  batltriei 
are  linc  far  the  actiie  metsl,  and  copper,  silver,  or.  (till  belter,  pbtl- 
aum  for  the  inactire  one  :  the  jimler  the  diBermce  of  oiidabilily,  tha 
letter  tlie  arrangemeot.  The  liquid  ia  either  dilute  sulpliuric  add, 
soo)etimet  miied  with  s  little  nitric,  or  occasionally,  wheie  very  alow 
■Dd  long-contiaued  action  Is  wanted,  salt  and  water.  To  obtain  tb« 
nniinium  effect  of  the  apparatus  with  tha  least  eipenditnre  of  sine, 
ibat  metal  muit  be  empioytd  in  a  pure  alate,  or  its  surface  must  be 
mend  by  an  amalgam  which  in  its  elKtiical  relatione  closely  resem- 
bles the  pare  metal.  The  line  i«  easily  brought  into  this  condition  by 
■etting  it  with  dilute  sulphuric  acid,  end  then  rubbing  a  Utile  mercury 
aver  it.  by  means  of  a  piece  of  rag  tied  to  a  ttick. 

The  principle  of  ihe  compoumi  battery  i\  perhapa,  best  Men  In  the 
cnnmofcups:  by  each  alternation  of  li no,  Quid,  and  ropper,  tbrcurroit 
is  urged  forwards  with  increased  energy;  its  iutenilty  is  augmented, 
hat  tilt  actual  amount  of  electrical  force  thrown  into  the  current  form 
h  not  increaaed.  The  quantity,  eatimated  by  its  decompoidng  power  is, 
inhctidetemiinedby  that  of  the  imalleat  and  least  active  pair  of  plates, 
the  quantity  of  electricity  in  every  part  or  aectloD  of  the  circuit  being 
tlaaly  equal.  Hence  Lirge  and  small  plates,  batteries  strongly  and 
vnldj  1^1^^,  can  nerfr  fa«  connected  without  great  h)a  of  powar. 
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When  a  battery,  either  simple  or  compound,  consti*acted  vith  pore 
or  with  amalgamated  zinc,  is  charged  with  dilute  sulphuric  add,  a 
number  of  highly-interesting  phenomena  may  be  observed.  While  the 
circuit  remains  broken  the  zinc  is  perfectly  inactive,  no  water  is  decom- 
posed, no  hydrogen  liberated  ;  but  the  moment  the  connexion  is  com* 
pleted,  torrents  of  hydr(^n  arise,  not  from  the  zinc,  but  from  the 
copper  or  platinum  surfaces  alone,  while  the  zinc  undergoes  tranquil 
and  imperceptible  oxidation  and  solution.  Thus,  exactly  the  same 
effects  are  seen  to  occur  in  everv  active  cell  of  a  dewed  circuit,  which 
are  witnessed  in  a  portion  of  water  undergoing  electrolysis :  the  oxygen 
appears  at  the  positive  side,  with  respect  to  the  current,  and  the  hy- 
drogen at  the  negative;  but  with  this  difference,  that  the  oxygen, 
instead  of  being  set  free,  combines  with  the  zinc  It  is,  in  fact,  a  real 
case  of  electrolysis,  and  electrolytes  alone  are  available  as  exciting 
liquids. 

Common  zinc  is  very  readily  attacked  and  dissolved  by  dilute  sul- 
phuric acid  ;  and  this  is  usually  supposed  to  arise  from  the  formation 
of  a  multitude  of  little  voltaic  circles,  by  the  aid  of  particles  of  foreign 
metals  or  graphite,  partislly  imbedded  in  the  zinc  This  gives  rise 
in  the  battery  to  what  is  called  local  action,  by  which,  in  the  oommoQ 
foiins  of  apparatus,  three-fourths  or  more  of  the  metal  are  often  con- 
sumed, without  contributing  in  the  least  to  the  general  effect,  but.,  on 
the  contrary,  injuring  the  latter  to  some  extent.  This  evil  is  got  rid 
of  by  amalgamating  the  surface. 

From  experiments  very  carefully  made  with  a  **  dissected  '*  battery 
of  peculiar  construction,  in  which  local  action  was  completely  avoided, 
it  has  been  distinctly  proved  that  the  quantity  of  electricity  set  in  mo- 
tion by  the  batteiy  varies  exactly  with  the  zinc  dissolved.  Coupling 
this  fact  with  that  of  the  definite  action  of  the  cunent,  it  will  be  seen, 
that  when  a  perfect  battery  of  this  kind  is  employed  to  decompose 
water,  in  order  to  evolve  1  grain  of  hydrogen  from  tlie  latter,  32  gi-ains 
of  zinc  must  be  oxidized  and  its  equivalent  quantity  of  hydrc^en  dis- 
engaged in  each  active  cell  of  the  batteiy.  That  is  to  say,  that  the 
electrical  force  generated  by- the  oxidation  of  an  equivalent  of  zinc  m 
the  battery,  is  capable  of  effecting  the  decomposition  of  an  equivalent 
of  water,  or  any  other  electrolyte  out  of  it. 

.  This  is  an  exceedingly  important  disooveiy :  it  serves  to  show,  in 
the  most  striking  manner,  the  intimate  nature  of  the  connexion  be-> 
tween  chemical  and  electrical  forces,  and  their  remarkable  quantitative 
or  equivalent  relations.  It  almost  seems,  to  use  an  expression  of  Mr. 
Faraday,  as  if  a  transfer  of  chemical  force  took  place  through  the  sub- 
stance of  solid  metallic  conductors ;  that  chemical  actions,  called  into 
play  in  one  portion  of  the  circtiit,  could  be  made  at  pleasure  to  exhibit 
their  effects  without  loss  or  diminution  in  any  other.  There  is  an 
hypothesis,  not  of-  recent  date,  long  countenanced  and  supported  by 
the  illustrious  Berzelius,  which  refers  all  chemical  phenomena  to  elec- 
trical forces:  which  supposes  that  bodies  oombine  because  they  are  in 
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t){ip08ite  electrical  states :  even  the  heat  and  light  aooompanying  che- 
mical union  may  be,  to  a  certain  extent,  accounted  for  in  this  muiner. 
In  short,  we  are  in  such  a  position,  that  either  may  be  assumed  as 
cause  or  effect :  it  may  be  that  electiicity  is  merely  a  form  or  modi- 
jScatioQ  of  ordinary  chemical  aHSnity ;  or,,  on  the  other  hand,  that  all 
chemical  action  is  a  manifestation  of  electrical  force. 

One  of  the  most  ui«eful  foims  of  the  common  voltaic  battery  is  that 
ooDtrived  by  Dr.  Wollastou  (6g.  137).  The  copper  is  made  completely 
to  encircle  the  zinc  plate,  except  at  the  edges,  the  two  metals  being 
kept  apoil;  by  pieces  of  cork  or  wood.  Each  zinc  is  soldered  to  the 
preceding  copper,  and  the  whole  screwed  to  a  bar  of  dry  mahogany,  so 
.that  the  plates  can  be  litled  into  or  out  of  the  acid,  which  is  contained 
in  an  eaithenware  trongh,  divided  into  separate  cells.  The  liquid 
eonsi&te  of  a  mixture  of  100  parts  water,  2\  parts  oil  of  vitriol,  und 
2  parts  commercial  nitiic  acid,  all  by  measure.  A  number  of  such 
batteries  are  e&tily  connected  together  by  strapa  of  sheet  copper,  and 
adroit  of  being  put  into  action  with  great  ease. 

The  gi-eat  objection  to  this  and  to  all  the  older  forms  of  the  voltaic 
battery  is,  that  the  power  rapidly  decreases,  so  that,  afler  a  short  tipie, 
scarcely  the  tenth  part  of  the  original  action  remains.    This  1ob9  of 


power  depends  partly  on  the  gradual  change  of  the  sulphuric  acid  into 
sulphate  of  zinc,  but  still  more  on  the  coating  of  hydrogen,  and^  at  a 
later  stage,  on  the  precipitation  of  metallic  zinc  on  the  copper  plates. 
It  is  self-evident  that  if  the  copper  plate  in  the  fluid  became  covered 
with  zinc^  it  would  electrically  act  like  a  zinc  plate.  This  is  precisely 
the  action  of  the  hydrogen,  whereby  a  decrease  of  electrical  power  is 
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Fff.  \M.  AnappsntmoriDimfimTalue  tiiTfarpcmm 

of  electiv-chemica]  rcHmrch^  jo  which  it  !■ 

daiiid   to   nuiDtniQ   powert'ul   and   equable 

canenta  formuir  miccfuive  houn,  hu  lw«n 

+     contiivcd   by   ProTMSor    Daniell   (fig.    138). 

Each  cell  of  tbit  "  coDibuit "  tatl«r j  rou*uti 

of  a  copjwr  Cflindct  3}  inchn  in  diunetcr, 

and  of  a  height  varying  fniEo  6  to  18  iochca. 

The  zinc  ia  toiployed  in  the  form  of  a  rod  }  of 

■D  inch  JD  diameter,  carefully  anulganialed, 

and  aiupended  in  the  centre  of  the  cylinder. 

A  Koondcell  ofporoiueartiienwaieor  aninutl 

mecnbraoe  iiiteirene*  betweoi  Che  line  and  tba 

capper :  this  it  fiJIed  with  a  miiture  of  1  pait 

bjr  DKawre  of  oil  of  yitriol  sod  B  of  water, 

■ad  the  eiterioi  rpHce  with  the  nme  liquid, 

■ntQinled  with  eulphate  of  eop^r.     A  »rt  of 

little  colander  ii  fitted  to  the  lop  of  the  cell, 

ill  which  cryalala  of  the  tnlphate  of  copper  am 

placed,  10  that  the  ttreogth  of  the  solution 

■nay  remain  unimpaired.    When  acommuniai- 

tion  Ib  made  by  a  win  brtweea  the  rod  and 

Ihe  cylinder,  a  powerful  cunent  i>  produced,  the  power  of  which  luaT 

Im  inei(a»ed  to  any  eitenl,  hy  connecting  a  autficient  number  of  mcb 

1  cells  into  a  wriea,  no  the  piinclple  of  tin 

ffg.  IM.  crown  of  eupe,  the  comer  of  Ihe  firet  helne 

attached  to  the  line  of  the  aecond.    Ten  siu£ 

~  altenulioni  eonititulea  very  powerfnl  Bp»> 

ratus,  which  h»  the  great  sdTantige  of  relam- 

ing  fiB  energy  uadiiDinished  for  a  leogtheMd 

By  thiB  nrrangement  of  the  electric  baUerj, 
the  polarimlion  of  the  copper  plate  ii  alto* 
gether  aroidedj  the  linc  in  the  porous  cell, 
whilst  it  dlssolTes  in  the  tulphuric  acid  in- 
deed decompoaee  water,  but  does  not  liberata 
any  hydrc]^,  for  by  thepioceasof  thedecom- 
poeition  (see  p.  237)  up  to  the  bcundary  of 
the  copper  solution,  the  hydrogen  takes  tlia 
place  of  the  copper,  and  thus  ultimately  tha 
copper  is  precipilatad  on  the  copper  pUrtc. 
The  copper  plate  therefore  remains  in  its  original  state,  so  long  •■  « 
Bulficieot  quantity  of  sulphalc  of  copper  is  present  in  th>r  solution. 

By  increnaing  the  geneiattce  snd  reducing  the  antngouiifng  chemicd 
affiuitica,  Mr.  Grove  suooeedeJ  in  forming  the  conataut  nitric  isid  bat- 
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tefy,  whicli  bears  his  name.  This  instrament  is  capable  of  producing 
a  far  greater  decree  of  power  than  the  battery  prerionsly  mentioned, 
and  benoe  it  has  become  one  of  the  most  important  means  of  promoting 
electrical  science  in  the  present  day.  The  zinc  dips  into  dilute  sulphuric 
add ;  and  instead  of  a  soluti<»i  of  copper,  ooncentrated  nitric  acid  is 
used,  which  surrounds  a  platinum  plate.  It  is  evident  that  the  elec- 
trolytic action  which  begins  at  the  zinc^  passes  through  the  sulphuric 
add,  and  in  a  precisely  similar  way  through  the  contiguous  nitric  acid. 
Hydrogen  would  thus  be  liberated  on  the  platinum  plate.  This  action 
is  not  perceptible  by  the  evolution  of  gas,  but  only  gradually  by  the 
chsi^  of  colour  in  the  ulMc  acid,  for  the  hydrogen  liberated  by  the 
electrical  action,  again  foi-ms  water  at  the  expense  of  the  oxygen  yielded 
by  the  nitric  add  ;  and  by  this  means,  so  long  as  sufficient  nitric  add 
is  present,  the  purity  of  the  smface  of  the  platinum  plate  is  main* 
tained. 

One  of  the  cells  in  this  battery  is  represented  in  the  margin,  in  section 
(fig.  139).  The  zinc  plate  is  bent  round,  so  as  to  present  a  double 
sar&ce,  and  well  amalgamated :  witliin  it  stands  a  thin  iiat  cell  of 
porous  earthenware,  filled  with  strong  nitiic  acid,  and  the  whole  is 
immersed  in  a  mixture  of  1  part  by  measure  of  oil  of  vitriol  and  6 
of  water,  contained  either  in  one  of  the  cells  of  Wollaston's  trough,  or 
in  a  separate  cell  of  glazed  porcelain^  made  for  the  purpose.  The  ap. 
paratus  is  completed  by  a  plate  of  platinum  foil  which  dips  into  the 
nitric  add,  and  forms  the  positive  side  of  the  arrangement.  With  ten 
indi  p^irs,  experiments  of  decomposition,  ignition  of  wires,  the  light 
Wtweed  diarcoal  points,  &c.,  can  be  exliibited  with  great  brilliancy, 
while  the  battery  itself  is  very  compact  and  poi-table,  and,  to  a  great 
extent,  constant  in  its  action.  The  zinc,  as  in  the  case  of  Professor 
Daniell's  battery,  is  only  consumed  while  the  cur- 
rent passes,  so  that  the  apparatus  may  be  arranged 
an  hour  or  two  before  it  is  required  for  use,  which 
is  often  a  matter  of  great  convenience;  and  local 
action  from  the  predpitation  of  copper  on  the  zinc 
is  avoided. 

Professor  Bunsen  has  modified  the  Grove  bat- 
tery by  substituting  for  the  platinum  dense  char> 
ooal  or  coke,  whidb  is  an  excellent  conductor  of 
electricity.  By  this  alteration,  at  a  very  small 
expense,  a  battery  may  be  made  nearly  as  powerful 
and  useful  as  that  of  Grove.  On  account  of  its 
eheapoesB  any  one  may  put  together  one  hundred 
or  more  of  Bunseii'a  cells;  by  which  the  most 
magnifioent  phenomena  of  heat  and  light  may  be  obtained. 

The  accompanying  figure  shows  the  form  of  the  round  carbon 
cylinder,  which  is  used  in  these  cells.  It  is  hollowed  so  as  to  receive  a 
porous  earthenware  cell,  in  which  a  round  plate  of  zinc  is  placed.  The 
Upper  edge  of  the  cylinder  of  carbon  is  well  saturated  with  wax,  and 
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B  BUrnianded  by  ■  copper  ring,  b;  mmm  of  which  it  Ruij  hr  put  Id 
conn^oD  vilh  the  Einc  of  the  oi^oiDlDg  pnir. 

Budhd'b  carboD-cjiinrlsr  ii  likiwiw  well  adaptfd  for  thi  use  of 
dilute  aulphuric  acM  aloDe,  without  the  additioo  ol  nitric  ncid.  It  if, 
however,  better  to  mtunit*  th»  ditut«  sulphuric  scid  with  bichromiite 
of  patnssi.  Whea  this  mixture  oonlains  at  leiut  double  the  amDaut  of 
SDlphiirk  acid,  whieh  ii  nixaany  to  decompose  thr  diromstf,  a  bnttery 
tlius  roimed  lurpaian  in  powei-  the  nitric  acid  batlerf,  but  does  not 
fumiih  curtenti  of  the  nme  rongtancj . 


rou?h  mrft™  appears  to  permit  the  ntiy  diaeDgBgement  of  the  bubble! 
of  JijdrogeD. 

Within  the  1«A  twenty-five  yarn  tevernl  verj'  beautiful  and  sue-' 
sewful  spplicatiDiiD  of  voltaic  electrintv  have  been  made,  which  ma; 
be  ilightljT  mentioned.  Mr.  Spencer  and  Profenor  Jacobi  ha«e  em- 
ployed it  in  copying,  or  nilher  in  multiplying,  engiaved  platci  and 
medals,  by  depositing  upon  their  lUi  faces  a  thin  coating  of  metalljo 
copper,  which,  when  Heparated  from  the  oHginnl,  crhibiu,  in  reverse, 

as  a  mould  or  matrii,  an  absolutrly-perfect /mj-siouVe  of  the  plate  or 

loed^  is  obtained.     In  the  former  case,  the  impr*Mion»  taken  on  paper 

are  quite  undittin)n]i>hable  from  thoie  directi/  derived  from  the  work 

of  the  artiit ;  and  us  there  is  no  limit  to  the  nupiber  of 

>V'  1*1.  electrolypt  p)ates  which  can  be  thus  produced,  cngniv- 

plied  indefinitely.      TTie  coppei'  is  very  lough,  and 
bean  the  action  of  the  press  perfecilj  well. 

The  apparatus  nsed  in  this  and  many  similar  pro- 
cesses is  of  the  srmptrsC  possible  kind.     A  trough  or 
celt  of  wood  is  dicided  by  a  poroue  diaphragm,  made  of 
a  very  thin  piece  of  lycamore,  inU)  two  parts;  dlliita 
sulphuric  acid  is  nut  on  one  side,  and  a  saturated  M}Id- 
tion  of  sulphate  of  copper,  sometimes  mi  led  with  alittle 
acid,  on  the  other.    A  plate  of  line  is  soldered  to  a  wire 
or  atrip  of  copper,  the  other  end  of  which  is  secured  by 
simibir  m«na  to  the  engraved  copper  plale.    The  latter 
is  then  immeraed  iu  the  solution  of  sulphate,  and  the 
zinc  in  the  acid.     To  prevent  deposition  of  copper  on 
the  back  of  the  (npper  plate,  that  porliim  is  mvered  with  Tarnish. 
For  melals  and  small  works  a  poroui  earthenware  cell,  placed  ia  a 
jelly-jar,  may  be  oKd. 

Other  metnls  may  be  precipitated  In  the  same  manner,  in  a  smooth 
and  compact  form,  by  the  tise  of  eertjiin  precautions  which  have  been 
gathered  by  experience.  Eleclro-gilding  and  plating  are  now  carried 
ou  veiy  largely  and  in  great  perfection  by  Meuts.  Elklogton  and  othen. 


or  TBB  VOLTJlIC  PILE.  247 

Etcd  Dan-eoDdDrting  bodio,  tii  imling-wai  nnd  plasta'  of  Pnrii,  mnf 
be  toatad  with  mrtal ;  it  it  only  maauj.  u  Mr.  Robert  Uuitbt  fan 
dwinii,  to  rub  over  tliem  the  thioneit  pwuble  film  oF  plumlngo.  Salt 
m»7  thiu  b«  ci.pied  in  a  »erj  leir  houn  with  unerring  truth. 

M.  Becquerel,  »H(nil  jan  »ga,  publiihrd  an  eiiwdingly  interwting 
icennnl  of  eeriain  eiperiments,  in  which  iryililliied  metals,  oiid<s, 
ind  other  in»lub)e  lulatajias  hnd  been  produced  bjr  the  slow  and  eon- 
linnoDB  action 'of  feeble  electrical  currrnlii,  kept  up  for  months,  or  even 
jean.  Thexe  produdaeuDllj  resemble  uatura)  minernli ;  and, Indeed, 
the  nperlRienU  throw  great  light  on  the  formation  of  the  Utter  within 
theeuth.* 

Theooannon  but  rerj  pleasing  uperiment  of  the  Iead4re9  i«gre»tlr 
dependent  on  rkectnMJieniical  >i;tiaii.  Wben  a  place  of  zinc  i>  tat- 
[wnded  in  >  Ktlution  of  acetate  of  lend,  the  find  eS'rct  is  the  decompoai- 
lion  of  a  portion  of  the  bitter,  and  the  depceition  of  melallic  lead  upon, 
iht  lurAte  of  Ihe  linc  ;  it  b  timpl]'  a  displacement  of  a  metal  by  a 
more  oiidable  one.  The  change  dm  not.  however,  ftnp  here ;  metallic 
Irad  ii  >tiU  depcnited  in  large  and  beoutilul  plates  upon  that  first 
thrown  down,  until  the  tolution  beiotnes  eihaueted,  or  Ihe  line  entirelf 
luappran.  The  Bnt  poitionji  of  lead  form  with  the  zinc  a  volUlc. 
Vrangement  of  lufficient  power  to  deoimpoee  the 
■all :  under  the  peculiar  circunutances  in  which  Ihe  FSf.  HI. 

latter  is  placed,  the  meUI  is  precipitated  upuii  the 
negative  portion,  that  i^  (he  lead,  while  the  oijgeu 
and  acid  are  taken  up  bj  the  zinc. 

Mr.  Grove  has  contrived  s  bsltery  in  whieh  an 
electrical  current,  of  lutKcienl  iiit*njity  to  decompose 
water,  i>  prcxiuced  by  the  reaction  of  oiygen  upon 
hydrogen.     Each  efemrnf  oflhit  iutereiting  npiiamtua 
coniisti  of  a  pair  of  gluu  tubei  tu  contain  the  gases, 
dipping  into  a  ves«l  of  acidulated  water.      Both 
tutcs  contUD  phitinum  plates,  ooiered  with  a  rough 
depoait   of  tinely-di Tided    platinum,   and  furnished 
with  cooducting  vires,  which  pasa  through  the  (opa 
or  sidej  of  the  tubes,  and  are  heimeticnlly  sealed  into 
the  Lit(>>r.     Wlien  Ihe  tubes  are  chan^  with  aiygen  in  Ihe  one  side 
and  hrrliDgen  ou  tlie  iilher,  and  Ihe  wires  connected  with  a  gnlvano- 
•cope,the  needle  of  the  instrument  becomee  iiiitnolJy  affected;  and  when 
ten  or  more  combined  in  a  series,  Ihe  oiygeii-tube  of  the  oue  with  the 
hydiiigen-tube  of  the  neil,  ju:.,  while  Ihe  teiminal  wires  dip  into  acid- 
indicates  the  decomposition  of  the  liquid;  and  when  Ihn  eiperiment 
1  found  that  the  oiygen  and 
nount  the  quantities  abturbed 

•  Traits  de  l'Electilclt«  el  du  Hxnf  itme,  tU.  va. 
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The  metals  coostitnte  the  second  and  larger  group  of  elementary 
bodies.  A  great  number  of  these  are  of  very  rare  occurrence,  being 
found  only  in  a  few  scarce  minerals ;  others  are  more  abundant,  and 
some  few  almost  universally  diffused  throughout  the  whole  globe. 
Some  of  these  bodies  are  of  most  importance  when  in  the  metallic 
state;  others,  when  in  combination,  chiefly  as  oxides,  the  metals 
themselves  being  almost  unknown.  Many  are  us«l  in  medicine  and 
in  the  arts,  and  are  essentially  connected  with  the  prepress  of  dvili« 
xation. 

If  arsem'c  and  telluriam  be  included,  the  metals  amount  to  fifty- 
one  in  number. 

Physical  Properties. — One  of  the  most  remarkable  and  striking 
characters  possessed  by  the  metals  is  their  peculiar  lustre  :  this  is  so 
characteristic,  that  the  expression  metallic  lustre  has  passed  into 
common  speech.  This  property  is  no  doubt  connected  with  the  extra- 
ordinary degree  of  opacity  which  the  metals  present  in  every  instance. 
The  thinnest  leaves  or  plat^,  the  edges  of  crystalline  lamiute,  arrest 
the  passage  of  light  in  the  most  complete  manner.  An  exception  to 
the  rule  is  usually  made  in  iiivour  of  gold-leaf,  which,  when  held  up  to 
the  daylight,  exhibits  a  greenish,  and  in  some  caaes  a  purple  colour,  as 
if  it  were  really  endued  with  a  certain  decree  of  transluoency :  the 
metallic  film  is,  however,  generally  so  imperfect  that  it  became  difficult 
to  say  whether  the  observ«l  effect  might  not  be  in  some  measure  due 
to  multitudes  of  little  holes,  many  of  which  are  visible  to  the  naked 
eye ;  but  recent  experiments  by  Professor  Fssadaj  have  established  the 
ti'anslucency  of  gold  beyond  all  doubt. 

In  point  of  cUour^  the  metals  present  a  certain  degree  of  uniformity : 
with  two  exceptions,  viz.,  copper,  which  is  red,  and  gold,  which  is 
yellow,  all  these  bodies  are  included  between  the  pure  white  of  silver, 
and  the  bluish-gray  tint  of  lead:  bismuth,  it  is  true,  has  a  pinkish 
colour,  and  calcium  and  strontium  a  yellowish  tint,  but  they  are  very 
feeble. 

The  differences  of  specific  graoity  ara  very  wide,  passing  from  lithium, 
potassium,  and  sodium,  which  are  lighter  than  water,  to  platiQum, 
which  is  nearly  twenty- one  times  heavier  than  an  equal  bulk  of  that 
fluid. 
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TM  of  the  Specific  QraoUiee  0/  Metale  <a  60°  (15^-50). 


Platinam    . 

21-60 

Gold      . 

19-50 

Tungsten     . 
Mercury 
Palladium    . 

17-60 
13-59 
11-30  to  11-8 

Lewi      . 

11-45 

Silver 

10«50 

Bismuth 

9-90 

Uranium 

9-00 

Copper  . 
Cadmium     • 

8-96 
8-70 

Nickel  . 

8-80 

Cobalt 

8-54 

Manganese 
Iron 

8-00 
7-79 

Molybdenum 
Tin . 

7-62 
7-29 

Zinc      . 

6-86to7-t 

Antimony    , 
Tellurium 

6-80 
6-U 

Arsenic 

6-88 

Aluminium 

2«56to2'67 

Magnesium 
Sodium  . 

1-75 
0-972 

Potassium    • 

0-865 

Lithium 

0-693 

The  pmperty  of  malleability,  or  power  of  extension  under  the  ham- 
mer, or  between  the  rollers  of  the  flatting-mill,  is  enjoyed  by  certain  of 
the  metals  to  a  very  great  extent.  Gold-leaf  is  a  remaikable  example 
of  die  tenuity  to  which  a  malleable  metal  may  be  brought  by  suitable 
means.  The  gilding  on  silver  wire  used  in  the  manufacture  of  gold 
lace  is  even  thinner,  and  yet  presents  an  unbroken  surface.  Silver  may 
be  beaten  oat  very  thin ;  copper  also,  but  to  an  inferior  extent ;  tin  and 
platinam  are  easily  rolled  out  into  f<nl;  iron,  palladium,  lead,  nickel, 
cadmiuro,  the  metals  of  the  alkalis,  and  mercury,  when  solidified,  are 
also  malleable.  Zinc  may  be  placed  midway  between  the  malleable 
and  brittle  division ;  then  perhaps  bismuth ;  and,  lastly,  such  metals  as 
antimony  and  arsenic,  which  ai*e  altogether  destitute  of  malleability. 

The  specific  gravity  of  malleable  metals  is  usually  very  sensibly  in- 
creased by  pressure  or  blows,  and  the  metals  themselves  rendered  much 
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harder,  with  a  tendency  to  hrittleness.  This  condition  is  destroyed  and 
the  former  soft  state  restored  by  the  operation  of  annealing,  which  con- 
sists in  heating  the  metal  to  redness  out  of  contact  with  air  (if  it  will 
bear  that  tempei-ature  without  fusion),  and  cooling  it  quickly  or  slowly 
accordmg  to  the  circumstance  of  the  case.  After  this  operation,  it  is 
found  to  possess  its  original  specific  gravity. 

Ductility  is  a  property  distinct  'from  the  last,  insomuch  as  it  in- 
volves the  principle  of  tenacity,  or  power  of  i*esi.sting  ten»on.  The  art 
of  wii'e-drawing  is  one  of  great  antiquity :' it  consists  in  drawing  rods 
of  metal  through  a  succession  of  trumpet-shaped  holes  in  a  steel  plate, 
each  being  a  little  smaller  tlian  its  predeoRssor, 
until  the  requisite  degi-ee  of  fineness  is  attained,  ^9- 1^3* 

The  metal  ollen  becomes  very  hard  and  rigid  in         ^^ 
this  process,  and  is  then  liable   to   break ;   this        /a\ 
is  remedied  by  annealing.     The  order  of  (enacity  * 

among  the  metals  susceptible  of  being  easily 
drawn  into  wire  is  the  following :  it  is  determined 
by  observing  the  weights  requii-ed  to  break 
asunder  wires  drawn  through  the  same  orifice  of 
the  plate ; — 


w 


Iron 

*      Gold 

Copper 

Zinc 

Platinum 

•      Tin' 

Silver 

Lead. 

Metals  differ  as  much  in  fusibility  as  in  density.  The  following 
table,  extracted  from  the  late  Dr.  Turner's  excellent  work,  will  give  an 
idea  of  their  relations  to  heat.  The  melting  points  of  the  metals  which 
only  fuse  at  a  temperature  above  ignition,  and  that  of  zinc,  are  on  the 
authority  of  Mr.  DAniell,  having  been  observed  by  the  help  of  the  pyro- 
meter before  described : — 

Melting  points. 
F.  C.       . 


Fusible  below 
a  red  heat. 


Tkfercury -39° 

Potassium        .         .         .         .         136 
Sodium        .        •         .         t.         •     194 

Lithium 356 

Tin 442 

Cadmium         .        .        .    (about)  442 

Bismuth 497 

Lead 612 

Tellurium — rather  less  fusible  than  lead 

Arsenic — unknown 

Zinc   ......     773 

.Antimony — just  below  redness 


-39°- 44 

57-77 

90 

180 

227-77 

227-77 

258-33 

322-22: 
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Infusible  below 
a  red  heat. 


fSiker    . 
Copper 
Gold      . 
Cast  iron    . 
Pure  iron 
Nickel 
Cobalt 
Manganese 
Palladinm 
Molybdenum 
Uranium 
Tungsten 
Chromium 
Titanium 
Cerium 
Osmium 
Iridium 
Rhodium 
Platinum 
.Tantalum 


Melting  pointB.  . 

F. 

C. 

1873^ 

1022** -77 

1996 

1091-11 

2016 

1102-22. 

2786 

1530 

• 


Fusible  only  in  an  excellent 
wind-furnace. 


Imperfectly  melted  iu  wind- 
furnace. 


Infusible  in  ordinary  blast  fur- 
naces ;  fusible  by  oxyhydro- 
gen  blowpipe. 


Some  metals  acquire  a  pasty  or  adhesive  state  before  becoming  fluid : 
this  is  the  case  with  iron  and  plaMnum,  and  also  with  the  metals  of  the 
alkalis.  It  is  this  peculiarity  which  confers  the  very  valuable  property 
of  welding,  by  which  pieces  of  iron  and  steel  ait*  united  without  solder, 
and  the  finely-divided  metallic  sponge  of  platinum  convei-ted  iato  a 
solid  and  compact  bar. 

Volatility  is  possessed  by  certain  members  of  this  class,  and  perhaps 
by  all,  could  temperatures  sufficiently  elevated  be  obtained.  Mercury 
boils  and  distils  below  a  red  heat ;  potassium,  sodium,  zinc,  magnesium, 
and  cadmium  rise  in  vapour  when  heated  to  a  bright  reduess ;  arsenic 
and  tellurium  are  volatile. 


CHEMICAL  RELATIONS  OP  THE  METALS;  CONSTITUTION  OP  SALTS. 

Metallic  combinations  are  of  two  kinds,  namely,  those  formed  by  the 
union  of  metals  among  themselves,  which  are  called  alloys,  or  where 
mercury  is  concerned,  amalgams,  and  those  generated  by  combination 
with  the  non-metallic  elements,  as  oxides,  chlorides,  sulphides,  &c«  In 
this  latter  case,  the  metallic  characters  are  almost  invariably  lost.  The 
alloy;?  themselves  are  really  true  chemical  compounds,  and  are  not 
mere  mixtures  of  the  constituent  metals ;  their  properties  often  differ 
completely  from  those  of  the  latter. 

The  oxides  of  the  metals  may  be  divided,  as  already  pointed  out, 
into  three  classes ;  namely,  those  which  possess  basic  characters  more  or 
less  marked,  those  which  refuse  to  combine  with  either  acids  or  alkalis. 
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and  thofie  which  have  distinctly  acid  properties.  The  strong  bases  are 
all  protoxides ;  they  contain  (ingle  equivalents  of  metal  and  oxygen ; 
the  weaker  bases  are  usually 'seitqufoxidel,  containing  metal  and  ojygea 
in  the  proportion  of  two  equivalents  of  the  former  tothieeof  the  latter; 
the  peroxides  or  neutral  compounds  are  still  richer  in  oxygen,  and,  lastly, 
the  metallic  acids  contain  the  maximum  proportion  of  that  dement* 

The  gradual  change  of  properties  by  increasing  proportions  of  oxygea 
is  well  illustrated  by  the  case  of  manganese. 


Metal. 

Oxygen. 

Symbols.                Characters. 

Protoxide      •        • 

1  eq. 

1  eq. 

MnO              Strongly  bade. 

Sesquioxide 

2eq. 

3eq. 

Mn.O,            Feebly  basic 

Binoxide 

1  eq. 

2eq. 

MnOa             Neutral. 

Manganic  add    . 
Permanganic  acid  • 

1  «Hi. 
2eq. 

3eq. 
7  eq. 

"3,     }     strongly  «id. 

The  oxides  of  iron  and  chromium  present  similar,  but  less  numerous 
gradations. 

When  a  powerful  oxygen-acid  and  a  powerful  metallic  base  are 
onited  in  such  proportions  that  they  exactly  destroy  each  other^s  pro- 
perties, the  resulting  salt  is  said  to  be  neutral:  it  is  incapable  of 
affecting  vegetable  colours.  Now,  in  all  these  well-characterized 
neutral  salts,  a  constant  and  very  remarkable  relation  is  observed  to 
exist  between  the  quantity  of  oxygen  in  the  base  and  the  quantity  of 
acid  in  the  Ntlt.  This  relntion  is  expressed  in  the  following  manner : 
— ^To  form  a  neutral  combination,  as  many  equivalents  of  acid  must  be 
present  in  the  salt  as  there  are  of  oxygen  in  the  base  itself.  In  fact, 
this  has  become  the  very  definition  of  neutrality,  as  the  action  on 
v^table  colours  is  sometimes  an  unsafe  guide. 

It  is  easy  to  see  the  application  of  this  law.  When  a  base  is  a  prot- 
oxide, a  single  equivalent  of  acid  suffices  to  neutralize  it ;  when  a  ses- 
quioxide, not  less  than  three  are  required.  Hence,  if  by  any  chance 
the  base  of  a  salt  should  pass  by  oxidation  from  the  one  state  to  the 
other,  the  acid  will  be  insufficient  in  quantity  by  one-half  to  form  a 
neuti^  combination.  Sulphate  of  the  protoxide  of  iron  offers  an  ex- 
ample :  when  a  solution  of  tliis  substance  is  exposed  to  the  air,  it 
absorbs  oxygen,  and  a  yellow  insoluble  sub'Sait,  or  basic-saU,  is  pro- 
duced, which  contains  an  excess  of  base.  Four  equivalents  of  the  green 
compound  absorb  from  the  air  two  equivalents  of  oxygen,  and  give 
rise  to  one  equivalent  of  neutral  and  one  equivalent  of  basic  sulphate 
of  the  sesquioxide,  as  indicated  by  the  diagonal  zigzag  line  of  division. 

1  eq.  iron  -{-  1  eq.  oxygen     .         •         1  eq.  sulphuric  add. 
1  eq.  iron  +  1  eq.  oxygen         .  1  eq.  sulphuric  add. 

"  I    -h  1  eq.  oxygen  from  air. 


1  eq.  iron  +  1  eq.  oxygen    ,         ,    |    1  eq.  sulphuric  add. 

1  eq.  iron  -f-  1  eq.  oxygen         .  1  eq.  sulphuric  add. 

4-  1  eq.  oxygen  from  air. 
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Sndi  sub-salts  or  basic  salts  are  very  frequently  insoluble. 

Tbe  combinations  of  chlorine,  iodine,  bromine,  and  fluorine  with  the 
metals  poasews  in  a  my  high  degree  the  saline  character.  If,  however, 
the  definition  formerly  given  of  a  salt  be  rigidly  adhei-ed  to,  these  bodies 
most  be  excluded  from  the  class,  and  with  them  the  very  substance 
firom  which  the  name  is  derived,  that  is,  common  salt,  which  is  a 
chloride  of  sodium.  To  obviate  this  anomaly,  it  has  been  found  nece»- 
aary  to  create  two  classes  of  salts :  in  the  fii-st  division  will  stand  those 
oostituted  after  the  type  of  common  salt,  which  contain  a  metal  and  a 
taU-radioal,  as  chlorine,  iodine,  &c. ;  and  in  the  second,  those  which, 
like  sulphate  of  soda  and  nitrate  of  potassa,  aio  generally  supposed  to 
he  combinations  of  an  acid  with  an  oxide.  The  names  hcdoid*  scUts^ 
and  oxngen-acidr-  or  oxy'Salts,  are  given  to  these  two  kinds. 

When  a  haloid  salt  is  dissolved  in  water,  it  might  be  regarded  as  a 
combination  of  a  metallic  oxide  with  a  hydrogen-acid,  the  water  being 
supposed  to  undergo  decomposition,  its  hydrogen  being  transferred  to 
the  salt-radical,  and  its  oxygen  to  the  metal.  This  view  is  unsup- 
ported by  evidence  of  any  value:  it  is  much  more  probable,  indeed, 
that  no  truly  saline  compounds  of  hydrogen-acids  exist,  at  any  rate  in 
morganic  chemistry.  When  a  solution  of  any  hydrogen  acid  is  poured 
Upon  a  metallic  oxide,  we  may  rather  snppose  that  both  are  decom- 
posed, water  and  a  haloid  salt  of  the  metal  being  produced.  Take 
kydrochloric  acid  and  potassa  by  way  of  example. 

Hydrochloric  f  Chlorine -— is^Chloride  of  Potassium. 

acid      •      1  Hydiogen  •».^^^^j^— -""""^ 

Potassa    .      {  0°y^ir  "^^^^^"^"^"^"^  Water. 

On  evaporating  the  solution,  the  chloride  of  potassium  crystallizes 
oat. 

When  hydrochloric  acid  and  ammoniacal  gases  are  mixed,  they  com- 
bine with  some  energy,  and  form  a  white  solid  salt,  sal-ammoniac. 
Now  this  substance  bears  such  a  strong  resemblance  in  many  important 
particulars  to  chloride  of  potassium  and  common  salt,  that  the  ascrip- 
tion to  it  of  a  similar  constitution  is  well  warranted. 

If  chloride  of  potassium,  therefore,  contain  chlorine  and  metal,  sal- 
ammoniac  may  also  contain  chlorine  in  combination  with  a  substance 
having  the  chemical  relations  of  a  metal,  formed  by  the  addition  of  the 
hydrogen  of  the  acid  to  the  elements  of  the  ammonia. 

Hydrochloric  f  1  eq..  Chlorine Chlorine      \ 

acid     .      I  1  eq.  Hydrogen  -....,..^^  I        Sal- 


I  1  eq.  Nitrogen •*-— =^Ammonium; 

The  term  ammonium  is  given  to  the  hypothetical  body,  NH^:  it  is 

*  oAf ,  sea-salt,  and  ct<o«,  form. 
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supposed  to  exist  in  all  th^  ammoniacal  salts.  Thas  we  have  cliloi'Sde 
of  ammonium^  sulphate  of  the  oxide  of  ammonium,  &c.  This  view  is 
.very  stiongly  suppoiled  by  the  peculiarities  of  the  salts  themselves,  and 
.by  the  existence  of  a  series  of  sobstances,  intimately  related  to  these 
aalts  of  organic  chemistry,  as  will  hereafter  be  seen. 

Many  of  the  sulphides  also  p>osse8s  the  saline  character  and  are  soluble 
in  W}iter,  as  those  of  potassium  and  sodium.  Sometimes  a  pair  of 
sulphides  will  unite  in  definite  proportions,  and  form  a  crystallizable 
compound.  Such  bodies  bear  a  very  close  re^mblance  t4>  oxygen-^dd 
salts;  they  usually  contain  a  protosulphide  of  an  alkaline  metal,  and 
a  higher  sulphide  of  a  non-metallic  substance  or  of  a  metal  which  has 
little  tendency  to  form  a  ba.^ic  oxide,  the  two  sulphides  having  exactly 
the  same  relation  to  each  other  as  the  oxide  and  acid  of  an  ordinary 
salt.  Hence  the  expressions  stdphur^altt  sitiphur-actd^  and  suiphur^ 
jkase,  which  Berzelius  applies  to  such  compounds :  they  contain  sulphur 
in  the  place  of  oxygen.  Thus,  bisulphide  of  carbon  is  a  sulphur-acid ; 
it  ibims  a  crystallizable  compound  with  protosulphide  of  potassium, 
which  is  a  sulphur-base.  Were  oxygen  substituted  for  the  sulphur  iu 
this  product,  we  should  have  carbonate  of  potassa* 

KS-fCS^  sulphur-salt 
KO-hCO,  oxygen-salt. 

These  remarkable  compounds  are  very  numerous  and  interesting : 
they  have  been  studied  by  Berzelius  with  gi'eat  care. 

Salts  often  combine  together,  and  form  what  are  called*  dcmhle^saits, 
in  which  the  same  acid  is  in  combination  with  two  diileient  bases. 
When  sulphate  of  copper  and  sulphate  of  potassa,  or  chloiide  of  zinc 
and  sal-ammoniac,  are  mixed  in  the  ratio  of  their  equivalents,  dissolved 
!n  water,  and  the  solution  made  to  crystallize,  double  salts  are  obtained^ 
These  latter  are  often  more  beautiful,  and  crystallize  better  than  thaf 
constituent  salts. 

Many  of  the  compounds  called  super-,  or  acid'salts,  surh  as  bisul- 
phate  of  potassa,  which  have  a  sour  tnste  and  acid  resution  to  test- 
pa})er,  ought  strictly  to  be  considered  in  the  light  of  double-salts,  in 
which  one  of  the  bases  is  water.  Strange  as  it  may  at  first  sight  ap^ 
pear,  water  possesses  considerable  basic  powers,  although  it  is  unable  to 
mask  acid  reaction  on  vegetable  colours  :  hydrogen,  in  fact,  very  much 
resembles  a  metal  in  its  chemical  relations.  Bit^ulphate  of  pntassa  will, 
therefore,  be  a  double  sulphate  of  potassa  and  water,  while  oil  of  vitriol 
must  be  assimilated  to.  neutral  sulphate  of  potassa. 

KO+SO,andHO+SO,, 

Water  is  a  weak  base :  it  is  for  the  most  part  easily  displaced  by  a 
metallic  oxide  ;  yet  cases  occur  now  and  then  in  which  the  reverse 
happens,  and  water  is'  seen  to  decompose  a  salt,  in  virtue  of  its  basic 
power. 
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'  There  are  a  few  acid-«a)ts  which  contain  no  water;  as  the  bichro* 
mate  of  potassa,  and  an  anhydrous  sulphate  of  potassa  discovered 
bj  M.  Jacquelaln.*  It  will  be  nei'essarjr,  of  coui-se,  to  adopt  8ome 
other  Tiew  in  these  cases.  The  simplest  will  be  to  consider  them  as 
roQlj  containing  two  equiralents  of  acid  to  one  of  base. 

By  water  cf  crystcMization  is  meant  water  in  a  somewhat  loose  state 
•f  combination  with  a  salt,  or  other  compound  body,  from  which  it  can 
be  disengaged  by  the  mere  application  of  heat,  or  by  exposure  to  a 
dry  atmosphere.  Salts  which  contain  water  of  crystallization  have 
their  crystalline  form  greatly  influenced  by  the  proportion  of  the  latter. 
Green  sulphate  of  iron  crystallizes  in  two  different  forms,  and  with  two 
diflferent  proportions  of  water,  according  to  the  temperature  at  which 
the  salt  separates  from  the  solution. 

Many  salts  containing  water  effloreaoe  in  a  dry  atmosphere,  crum* 
blmg  to  powder,  and  losing  a  part  or  the  whole  of  their  water  of  crys* 
tallization ;  while  in  a  moist  atmosphere  they  may  be  preserved 
nndungtfd.  The  opposite  effect  to  this,  or  deliquescence^  results  from 
a  strong  attraction  of  the  salt  for  water,  in  virtue  of  which  it  absorbs 
the  latter  from  the  air,  oflen  to  such  an  extent  as  to  produce  liquetiiction. 

Crystallization ;  Crystalline  Forma. —  Almost  every  substance, 
simple  and  compound,  capable  of  existence  in  the  solid  state,  assumes, 
onder  favourable  circumstances,  a  distinct  geometrical  form  or  figure, 
Qsnally  bounded  by  plane  surfaces,  and  having  angles  of  fixed  and 
constant  value.  The  faculty  of  crystallization  seems  to  be  denied  only 
to  a  few  bodies,  chiefly  highly*oomplex  organic  principles,  which  stand, 
as  it  were,  upon  the  veiy  verge  of  organization,  and  which,  when  in  a 
solid  state,  are  frequently  characterized  by  a  kind  of  beady  or  globular 
appearance,  well  known  to  miscroscopical  observers. 

The  most  beautiful  examples  of  crystallizntion  are  to  be  foundl 
smong  natural  minerals,  the  results  of  exct^intrly  ^Iow  changes  con- 
stantly occurring  within  the  earth.  It  is  invariably  found  that  ai  tificial 
oystids  of  salts  and  other  soluble  substances,  which  have  been  slowly 
and  quietly  deposited,  always  surpass  in  size  and  regularity  thuse  of 
more  rapid  formation. 

Solution  in  water  or  some  otber  liquid  is  one  very  frequent  method 
of  effecting  crystallization.  If  the  substance  be  more  soluble  at  a  high 
than  at  a  low  temperature,  then  a  hot  and  saturated  solution  by  slow 
oooHng  will  generally  be  found  to  furnish  crystals:  this  is  a  very 
common cas^  with  salts  and  various  organic  prindlples.  If  it  be  equally 
soluble,  or  nearly  so,  at  all  temperatures,  then  slow  s})ontaneous  eva- 
poration in  the  air,  or  over  a  surfaiv  of  oil  of  vitriol,  often  proves  very 
effective. 

Fusion  and  slow  cooling  may  be  employed  in  many  cases:  that  of 
nilphur  is  a  good  example :  the  metals  usually  afford  tiaces  of  crystal- 
lise figure  wlien  thus  treated,  which  sometimes  become  very  beautiful 

*  Ann.  Chlm.  et  Fhys.,  Ixx.  311. 
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and  dutinct,  u  with  blnnuth.  A  third  ronditioD  iuid«T  which  CC7S- 
Uls  Ttiy  odea  fotm  ia  in  puung  fiom  t,  gmcous  to  a  (olid  itale,  of 
which  iodine  aflbrdi  >.  good  initance.  When  bj  anj  ot'  than  meaoi 
time  ia  allowed  for  tlie  sf  mtnetricml  sTniDgnneDt  of  the  panlclea  of 
matter,  at  the  moment  of  solidifioitioa,  cryitals  are  produced. 

That  erjatali  owe  their  ligure  ts  a  certain  r^uiaritf  of  ioternal 
atrvctuir,  it  ahonn  Iwth  b;  their  mode  of  fornutioD  nnd  alao  by  the 
peculiarittea  ■ttending  their  fiacturb  A  crftUJ  placed  in  a  alowlf- 
eraporaling  aatunted  •olution  of  the  aame  subalaoce  grawi  or  lacreaaa 
by  a  continued  depotition  of  freeh  matter  npoa  ita  aides,  in  auch  a 
manner  that  the  an^iei  fiirmed  by  Iha  meetiag  of  the  latter  remaia 
uualtered. 

Tlte  lendencj  of  most  cryntala  to  aplit  ia  particalnr  directiona,  called 
bj  mIneTalogisIi  deacage,  is  a  certain  indicalloa  of  regular  structure, 
while  the  curious  oplinil  properties  of  many  aniocg  them,  and  their 
remariable  mode  of  expansion  by  heat,  point  to  the  samo  conclusion. 

It  may  be  laid  down  as  a  general  rule  that  every  lubstance  ha*  ita 
own  crystalline  form,  liy  which  it  may  very  fiequentlj  lie  recogaiied 
at  onn;  uot  that  each  auUlance  hu  a  difTermt  ligure,  although  tery 
great  direnity  in  thia  respect  ia  (0  be  found.  Some  R]rm«  are  much 
mora  common  than  others,  aa  the  cube  and  sii-sided  priatn,  whidi 
arc  very  Irequentiy  assumed  by  a  unmbar  of  bodies,  not  in  any  way 
lelaled. 

llHt  same  substance  may  have,  under  diSerent  sets  of  drcumstances, 
IS  high  and  low  tciiipemtui-es,  two  dlflerent  crystallin*  forma,  in  which 
<ase  it  i>  ^ald  to  be  dimurjtlioia.  Sulphur  and  carbon  furnish,  aa  al- 
ready noticed,  mrDplea  of  this  curious  fact :  another  case  i>  presented 
by  carhbuate  of  lime  in  the  two  modiRcntions  of  calcareous  spar  and 
arragonite,  boUi  chemiially  the  same,  hut  physically  different.     A 


fourth  eiample  m^ht  be  given  in  the  Iodide  of  mercury,  whii^  also  hu 
two  distinut  forma,  and  even  two  distinct  colours,  oBiving  as  great  a 
contnat  aa  IhoM  of  diamood  aiid  gnphila. 
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The  an;1«  of  ctygUl)  nm  msuand  bj  ra«ina  of  imtniinniU  cfilled 

cDDimon  e«>'oiiieter,  iind  the  irflectlTe  goniDnietcr  af  Dr.  WallMton. 

The  common  goniomrter  «)ii>iiU  of  s  pair  of  uttel  blail«  moring 
with  fritHon  upon  ■  wnlre.  u  ihown  in  th«  out  {fig.  144).  The  fdjuet 
a  a  »tF  rarefuUy  •djusled  lo  Ihe  faces  of  the  crytlal,  who«  inclination 
to  each  other  it  ia  rrquiral  to  aicei Iflin,  nnd  then  the  imtiumeDt  beinr 
applied  to  the  dlTided  Kniicircle,  the  cotibiined  uii'le  is  at  once  rod 

fuilj  obuiued  by  Ibra  inElnimeat.  piovidrd  Ihe  piano  of  IheciyaUI 
be  tolei'ably  ptriect,  and  large  enougb  for  the  purjcae.  Some  practice 
it  o(  coutM  required  befaie  eren  lhi>  anwunt  of  accuracy  oui  be 

The  refleetire  goniometer  It  •  Tery  luperior  inBlrument,  its  indiai- 
tioni  being  comet  within  ■  fraction  of  a  degipe;  it  ii  npplii-able  alao  to 
the  mHUUi-einent  of  Ihe  angle*  of  crj-alaU  of  Teiy  imxll  hiie,  the  onlj 
conditiuu  required  being  Ib;it  their  pinnn  be  iniooth  ami  bnlliiDt, 
The  ■ubjainal  iketch  will  oonrej  an   idea  of  ita  natui«  and  mode 


aba  divided  circle  or  dine  of  bna.  the  axis  of  whiifi  paaws  atiS; 
ntd  without  ahnke  Ihiough  the  aupport  b.  This  aiis  is  ib^lf  pierced 
to  admit  the  paauge  of  a  round  rod  or  wire,  tennitutted  bj  the  milled- 
edged  bewi  c,  and  destined  lo  carry  the  crystal  to  be  meaaured  by  mtaoa 
of  the  jointed  arm  d.  The  crjuUl  »t  /  can  thm  be  turned  round,  or 
adjusted  in  any  desired  position,  without  tbe  neiWMty  of  moving  the 
diic.  A  Teraier,  t,  immovably  iiied  to  the  upright  •iippoi-l  serve* 
to  meaaure  irith  great  accuracy  the  angular  motion  of  Ihe  divided 
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The  prmciple  upon  which  the  measurement  of  the  angle  rests  is  very 
simple.  If  the  two  adjacent  planes  of  a  crystal  be  successively  bixniglA 
into  the  same  positioni  the  angle  through  which  the  crystal  will  havv 
moved  will  be  the  supplement  to  that  contained  between  the  tttoptanes. 
If,  for  example,  in  a  small  crystal  o ad  be  the  angle  which  is  desii^  to 
be  determined,  and  the  reflecting  surface  a  6  be  placed  in  such  a  position 
that  the  reflection  of  the  image  of  a  distant  point  iS^seen  from  0  exactly 
oovers  a  point  E  lying  in  the  line  of  the  reflected  ray,  then  the  other  side 
a  c  of  the  angle  cab  mast  be  turned  through  the  wcc  afj  in  oixler  to 
assume  the  same  position,  and  to  give  the  same  phenomena  as  the  plane 
a  b  previously  did.  The  angle  c  a  /  is  the  complement  of  the  angle 
cab.  All  that  is  required  to  be  done,  therefore,  is  to  measure  the 
angle c  a/  with  accuracy,  and  subtract  its  value  from  180°;  and  this 
the  goniometer  effects. 


Fig.  ue. 


B.."" 


One  method  of  using  the  instrument  is  the  following:— The  gonio* 
meter  is  placed  at  a  coiA'enient  height  upon  a  steady  table  in  front  of  a 
well-illuminated  window.  Horizontally  across  the  latter,  at  the  height 
of  eight  or  nine  feet  from  the  ground,  is  stretched  a  narrow  black 
ribbon,  while  a  se(X>nd  similar  ribbon,  adjusted  parallel  to  the  flrst,  is 
fixed  beneath  the  window,  a  foot  or  eighteen  inches  above  the  floor. 
The  object  is  to  obtain  two  easily-visible  black  lines,  perfectly  parallel. 
The  crystal  to  be  examined  is  attached  to  the  arm  of  the  goniometer  at 
/  by  a  litUe  wax,  and  ao^usted  in  such  a  manner  that  the  edge  joining 
the  two  planes  whose  indination  is  to  be  measured  shall  nearly  coincide 
with,  or  be  parallel  to,  the  axis  of  the  instrument.  This  being  done, 
the  adjustment  is  completed  in  the  following  manner : — The  divided 
circle  is  turned  until  the  aero  of  the  vernier  oomes  to  180°;  the  crystal 
is  then  moved  round  by  means  of  the  inner  axis  c  (flg.  145)  until  the 
eye  placed  near  it  perceives  the  image  of  the  upper  black  line  reflected 
from  the  surface  of  one  of  the  planes  in  question.    Following  this 
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imge,  th«  crystal  is  still  cautiously  turned  until  the  upper  black  line 
seen  bj  reflection  appixwchcs  and  overlaps  the  lower  black  line  seen 
dUrgdly  hj  another  portion  of  the  pupil.  It  is  obvious,  that  if  the 
plane  of  the  ci-ystal  be  quite  parallel  to  the  axis  of  the  instrument  (the 
latter  being  hoiizontal),  the  two  lines  will  coincide  completely.  If, 
howe\'er,  this  should  not  be  the  case,  the  crystal  must  be  moved  upon 
the  wax  until  the  two  lines  fall  in  one  when  supei-posed.  The  second 
isoe  of  the  crystal  must  then  be  adjusted  in  the  same  manner,  care 
being  taken  not  to  derange  the  position  of  the  first.  When  by  repeated 
observation  it  is  found  ^at  both  have  been  correctly  placed,  so  as  to 
bring  the  edge  into  the  required  condition  of  parallelism  with  the  axis 
of  motion,  the  measurement  of  the  angle  may  be  made. 

For  this  purpose  the  crystal  is  moved  as  before  by  the  inner  axis 
until  the  image  of  the  upper  line,  reflected  f>  om  the  first  face  of  the 
crystal,  covers  the  lower  line  seen  diiectly.  The  great  circle,  carrying 
the  whole  with  it,  is  then  cautiously  turned  until  the  same  coincidence 
of  the  upper  with  the  lower  line  is  seen  by  means  of  the  second  face  of 
tb£  crystal ;  that  is,  the  second  face  is  brought  into  exactly  the  same 
position  as  that  previously  occupied  by  the  flist.  Nothing  then  remains 
bnt  to  read  oflT  by  the  vernier  the  angle  through  which  the  circle  has 
been  moved  in  this  operation.  The  division  upon  the  circle  itself  Is 
very  often  made  backwards,  so  that  the  angle  of  motion  is  not  obtained, 
bot  its  supplennent,  or  the  angle  of  the  crystal  required. 

It  may  be  necessary  to  remark,  that,  although  the  principle  of  the 
operation  described  is  in  the  highest  degree  eiimple,  its  successful  prac« 
tice  requires  oonsiderable  skill  and  experience. 

If  a  crystal  of  tolerably  simple  form  be  attentively  considered,  it  will 
become  evident  that  certain  directions  can  be  pointed  out  in  which 
straight  lines  may  be  imagined  to  be  drawn,  passing  through  the  cen* 
tral  point  of  the  crystal  from  side  to  side,  from  end  to  end,  or  from  one 
angle  to  that  opposed  to  it,  &c,  about  which  lines  the  particles  of 
matter  cbmposiing  the  crystal  msy  be  conceived  to  be  symmetrically 
built  up.  Such  lines  or  axes  are  not  ahVays  purely  imaginary, 
kowever,  as  may  be  inferred  from  the  remarkable  optical  pro|ierties 
of  many  crystals :  u]jon  their  number,  iiel.itive  lengths,  ])osition,  and 
inclination  to  each  other,  depends  the  outwaid  figure  of  the  crystal 

All  crystalline  forms  may  upon  this  plan  be  anunged  in  six  classes 
or  systems  ;  these  are  the  following : — 

1.  The  regular  system. — ^The  ciyntals  of  this  division  have  thi-ee 
sqaal  axes,  all  placed  at  right  angles  to  each  other.  The  most  im> 
portant  forms  are  the  cube  {1),  the  regular  octahedron  (2),  and  the 
rhombic  dodecahedron  (3), 

The  lettei-s  a — a  (6g.  147)  show  the  termination  of  the  three  axes, 
placed  as  stated. 

Very  many  substances,  both  simple  and  compound,  assume  tiiese 
ioma,  as  most  of  the  metals,  caibon  in  the  state  of  diamond,  common 
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salt,  iodide  of  pobissiun)»  the  alums,  fluor-apar,  bisalpbide  of  ircBiy 
garnet,  spinellei  &c. 


2.  The  square  prismatic  system, — Three  axes  are  here  also  observed, 
at  right  angles  to  each  other.  Of  these,  however,  two  only  are  of 
equal  length,  the  third  being  usuallj  longer  or  ^hoi-ter.  The  moat 
important  foi-ms  ai-e,  a  right  square  prism,  in  which  the  lateral  axes 
terminate  in  the  central  point  of  each  side  (1);  a  second  right  squaxe 
prism,  in  which  the  axes  terminnte  in  the  edges  (2) ;  a  corresponding 
fnir  of  right,  square-based  octaftedra  (3  and  4), 


J^.  148. 


a— a.  Principal  or  yertlcal  axes. 
b — 1>.   Secondary  or  lateral  axes. 


Examples  of  these  forms  are  to  be  found  in  xircon,  native  binoxide  of 
tin,  apophylite,  yellow  ferrocyanide  of  potassium,  &c. 

3.  The  rijkt  prismatic  system. — ^This  is  diartK'terized  by  three  axes 
of  unequal  lengths,  placed  at  right  anglps  to  each  other,  as  in  the  right 
rectangular  prism  (1),  the  ritjU  rhombic  prism  (2),  the  rifjht  rectaik-^ 
gtUar-based  octaJteSron  (3),  and  the  rigid  rhombic-based  octahedron  (4). 

The  system  is  exemplified  in  sulphur  crystallized  at  a  low  tempera* 
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tare,  arsenical  iron  pjritea,  nitrate  and  sulphate  of  potassa^  sulphate  of 
baryta,  &c. 

Fig.  149. 
12  3  4 


a — 0.  Principal  axis. 

b — bt  e— c.  Seoondary  axes. 

4.  The  obiique  prismatic  system, — Crystals  belonging  to  this  group 
hare  also  thi'ee  axes  which  may  be  all  unequal ;  two  of  these  (the 
seoondary)  are  placed  at  right  angles,  the  third  being  so  inclined  as  to 
be  oblique  to  one  and  perpendicular  to  the  other.  To  this  system  noay 
be  referred  the  four  following  forms: — The  (Mique  rectangular  prism 
(1),  the  obliqus  rhombic  prism  (2),  the  oblique  rectangular-based  octa* 
hedron  (3),  the  oblique  rhombic-based  octahedron  (4). 


Fig,  150. 
2 


3 


a—€L  PriDclpal  axis. 
b—bt  e—c  Secondary  axes. 

Such  forms  are  taken  by  sulphur  crystallized  by  fusion  and  coolinji:, 
realgar,  sulphate,  carbonate  and  phosphate  of  soda,  borax,  green  vitiiol,, 
and  many  other  salts. 
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'-'  5.  The  doubly-oblique  prismatic  system,  —  The  crystalline  forms 
comprehended  in  this  division  are,  from  their  great  appai-ent  iTgularity, 
exceedingly  difficult  to  study  and  undei-stand.  In  them  are  traced  three 
axes;  which  may  be  all  unequal  in  length,  and  are  all  oblique  to  each 
other,  as  in  tlie'two  doubly-oblique  prisms  (1  and  2),  and  in  the  cor- 
responding doubly-oblique  octahedra  (3  and  4). 

Fig.  161. 
1  2  3  '  * 


I.  Principal  axfa,  as  before. 
&— d,  c— c.  SecoDdaiy  axes. 

Sulphate  of  copper,  nitrate  of  bismuth,  and  quadroxalate  of  potassa 
afford  illustrations  of  these  forms. 

6.  The  rhombohedral  system.— '1\aA  is  very  important  and  extensive ; 
it  is  characterized  by  the  presence  of  fow  axes,  three  of  which  are 


Pig.  163. 


<s> 


<. 


1^' 


%^iL  Principal  axis, 
axes. 


H— (L  Principal  a 
b->b.  becondaiy 


>< 


^tudi  in- the  same  plane,  and  inclined  to  each  oth«r  at  angles  of  60^, 
while  the  fourth  or  principal  axis  is  perpendicular  to  all.  -  The  r^ular 
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six-sided  prism  (1),  the  quartz-dodecahedron  (2),  the  rhamhokednm 
(3),  and  a  second  dodt>cahedroD,  whose  faces  are  scalene  triangles  (4), 
bdong  to  the  system  in  question. 

Examples  are  readily  found ;  as  in  ice,  calcareous  spar,  nitrate  of 
■ods^  beryl,  quartz,  or  roclc  crystal,  and  the  semi-metals,  arsenic,  anti« 
mony,  and  tellurium. 

If  a  crystal  increase  in  magnitude  by  equal  additions  on  every  part, 
it  is  quite  clear  that  its  tigui-e  must  remain  unaltered  ;  but,  if  from 
some  cauf>e  this  increase  should  be  partial,  the  newly-depoaited  matter 
being  difttnboted  unequally,  but  still  in  obedience  to  certain  delinite 
laws,  then  alterations  of  form  are  produced,  giving  nse  to  figures  which 
hare  a  direct  geometrical  connection  with  that  from  which  they  are 
derived.  If,  for  example,  in  the  cube,  a  r^ular  omission  of  successive 
rows  of  particles  of  matter  in  a  certain  oi^er  be  made  at  each  solid 
angle,  while  the  crystal  continues  to  increase  elsewhere,  the  result  will 
be  the  production  of  small  triansrular  planes,  which,  as  the  process  ad- 
vances, gradually  usurp  the  whole  of  the  surface  of  the  crystal,  and 
convert  the  cube  into  an  octahedron.  <The  new  planes  are  called 
secondary,  and  their  production  is  said  to  take  place  by  regular  decre^ 
ments  upon  the  solid  angles.  The  same  thing  may  happen  on  the 
edges  of  the  cube ;  a  new  6gnre,  the  rhombic  dodecahedron,  is  then 
generated.  The  modifications  which  can  thus  be  produced  of  the 
original  or  primary  figure  (all  of  which  are  subject  to  exact  geome> 
trical  laws)  are  very  numerous.  Several  distinct  modifications  may 
be  present  at  the  same  time,  and  thus  render  the  form  exceedingly 
complex. 

^.153. 


BissBge  of  cabe  to  octahedroit 

It  is  important  to  observe,  that  in  all  these  deviations  from  what 
may  be  regarded  as  the  primary  or  fundamental  figure  of  the  crystal, 
the  modifying  planes  are  in  fact  ike  planes  (^figures  belonging  to  the 
same  natwxU  group  or  crydalhgraphical  system  as  the  primary  form, 
and  hoeing  their  axes  coincident  with  those  of  the  latter.  The  crystals 
of  each  system  are  thus  subject  to  a  peculiar  and  distinct  set  of  modi> 
fications,  the  observation  of  which  very  fi-equently  constitutes  an  excel- 
lent guide  to  the  discovery  of  the  primary  form  itself. 

Cryxtals  ofben  cleave  parallel  to  all  the  planes  of  the  primary  figure, 
as  in  calcareous  spar,  which  offers  a  good  illustration  of  this  perfect 
cleavage.    Sometimes  one  or  two  of  th^  planes  have  a  kind  of  pre- 
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ferenoe  over  the  rest  ia  this  respect,  the  crystal  splitting  readily  in 
these  directions  only. 

A  very  curious  modification  of  the  figure  sometimes  occurs  by  the 
excessive  growth  of  each  alternate  plane  of  the  crystal ;  the  rest  beoome 
at  length  obliterated,  and  the  crystal  assumes  the  character  called 
hemihedrcU  or  half-sided.  This  is  well  seen  in  the  production  of  the 
tetrahedron  from  the  regular  octahedron,  and  of  the  rhombohedric 
form  by  a  similar  change  from  the  quartz-dodecahedron  already 
figured.  , 

ii^.  154. 


Passage  of  octahedron  to  tetrahedron. 

Relations  of  form  and  oonstitvtion ;  Isomorphism, — Certain  sub- 
stances, to  which  a  similar  chemical  constitution  is  ascribed^  possess 
the  remarkable  property  of  exactly  replacing  each  other  in  crystallized 
compounds  without  alteration  of  the  characteristic  geometrical  figure* 
Such  bodies  are  said  to  be  isomorphous.* 

For  example,  magnesia,  oxide  of  zinc,  oxide  of  copper,  protoxide  of 
iron,  and  oxide  of  nickel  are  allied  by  isomorphic  relations  of  the  most 
intimate  nature.  The  salts  formed  by  these  substance  with  the  same 
acid  and  similar  proportions  of  water  of  crystallization,  are  identical  in 
thdr  foiin,  and,  when  of  the  same  eolour,  cannot  be  distinguished  by 
the  eye :  the  sulphates  of  magnesia  and  zinc  may  be  thus  confounded. 
The  sulphates,  too,  all  combme  with  sulphate  of  potassa  and  sulphate 
of  ammonia,  giving  rise  to  double  salts,  whose  figure  is  the  same,  but 
quite  difierent  from  that  of  the  simple  sulphates.  Indeed  this  connec- 
tion between  identity  of  form  and  parallelism  of  constitution  runs 
through  all  their  combinations. 

In  the  same  manner  alumina  and  sesquioxide  of  iron  replace  each 
other  continually  without  dionge  of  ciystalline  figure :  the  same  re- 
mark may  be  made  of  potassa,  soda,  and  ammonia,  with  an  equi^ent 
of  water,  or  oxide  of  ammonium,  these  bodies  being  strictly  isomorphous. 
The  alumina  in  common  alum  may  be  replaced  by  sesquioxide  of  iron, 
the  potassa  by  ammonia  or  by  soda,  and  still  the  figure  of  the  Grystal 
]-emains  unchanged.  These  replacements  may  be  partial  only :  we  may 
have  an  alum  containing  both  potassa  and  ammonia,  or  alumina  and 
sesquioxide  of  chromium.  By  artificial  management — namely,  by 
transferring  the  crystal  successively  to  different  solations — we   may 

*  From  Itfov,  equal,  and  tUp^,  shape  or  fonn. 
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Have  these  isomorphoas  and  mutaally-repladng  compounds  distributed 
ia  different  layers  upMi  the  same  ci  jstal. 

For  these  reasons  mixtures  of  isomorphons  salts  can  neTer  be  sepa- 
rated hj  crjistallization,  unless  their  difference  of  solubility  is  very 
great  A  mixed  solution  of  sulphate  of  protoxide  of  iron  and  sulphate 
of  nickel,  isomorphous  salts;  yields  on  evaporation  crystals  containing 
both  iron  and  nickeU  But  if  before  evaporation  the  protoxide  of  iron 
be  converted  into  sesquioxide  by  chlorine  or  other  means,  then  the 
crystals  obtained  are  free  from  iron,  except  that  of  the  mother-liquor 
which  wets  them.  The  salt  of  sesquioxide  of  iron  is  no  longer  isomor- 
l^ous  with  the  nickel  salt,  and  easily  separates  from  the  latter. 

When  compounds  are  thus  found  to  correspond,  it  is  inferred  that 
the  elemmts  composing  them  are  also  sometimes  isomorphous.  Thus, 
the  metals  magnesium,  zinc,  iron,  and  copper  are  presumed  to  be  iso-> 
morphous:  arsenic  and  phosphorus  have  not  the  same  crystalline 
form,  nevertheless  they  are  said  to  be  isomorphous  because  arsenic 
snd  phosphoric  acids  give  rise  to  combinations  which  agree  most 
onnpletely  in  figure  and  constitution.  The  chlorides,  iodides,  bro- 
mides, and  fluorides  Bgree,  whenever  they  can  be  observed,  in  the 
most  perfect  manner ;  hence  the  elements  themselves  are  believed  to  be 
•Iso  isomorphous.  Unfortunately,  for  obvious  reasons,  it  is  very  diffi- 
cult to  observe  the  crystalline  figure  of  roost  of  the  elementary  bodies, 
and  this  difficulty  is  increased  by  the  frequent  dimorphism  they  exhibit. 

Absolute  identity  of  value  in  the  angles  of  crystals  is  not  always 
exhibited  by  isomorphous  substances.  In  other  words,  small  varia- 
tions oflen  occur  in  the  m^nitude  of  the  angles  of  crystals  of  com- 
poands  which  in  all  other  respects  show  the  closest  isomorphic  rela- 
tions. This  should  occasion  no  surprise,  as  there  are  reasons  why 
sQch  variations  might  be  expected,  the  chief  perhaps  being  the  unequal 
effects  of  ei^Mknsion  by  heat,  by  which  the  angles  of  the  same  crystal 
are  changed  by  alteration  of  temperature.  A  good  example  is  found 
in  the  case  of  the  carbonates  of  lime,  magnesia,  manganese,  iron,  -and 
zinc^  which  are  found  native  cry&tallized  in  the  form  of  obtuse  rhom- 
b(riiedra  (figs.  152, 153),  not  distinguishable  from  each  other  by  the  eye, 
or  even  by  the  common  goniometer,  but  showing  small  differences 
when  examined  by  the  moi-e  accurate  instrument  of  Dr.  Woliastoj 
"Hiese compounds  are  isomorphous,  and  the  measurements  of  the  ob 
angles  of  their  rhombohedra  are  as  follows : — 

Carbonate  of  lime  .  .  105°     5' 

„  magnesia  .  .107°  25' 

„  protox.  manganese  .  107°  20' 

„  „      iron      .  .       107° 

„  zinc  .  .  107°  40' 

Anomalies  in  the  composition  of  various  earthy  minerals,  which  for- 
merly threw  much  obscuiity  upon  their  chemical  nature,  have  been  in 
great  measure  explained  by  these  discoveries. 
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Specimens  of  the  aame  mineral  from  different  localities  were  found 
to  afford  very  discordant  results  on  analysis.  cBut  the  proof  once 
giren  of  the  extent  to  which  substitution  of  isomorphous  bodies  may 
go  without  destruction  of  what  may  be  called  the  primitiye  type  of  the 
compound,  these  difficulties  ranish. 

Another  benefit  conferred  on  science  by  tiie  disooyeries  in  question,  is 
that  of  furnishing  a  really  philosophical  method  of  classifying  elemen- 
tary and  compound  substances,  so  as  to  exhibit  their  natural  relatioB- 
ships :  it  would  perhaps  be  more  proper  to  say  that  such  will  be  the 
onse  when  the  isomoq^ic  relations  of  all  the  elementary  bodies  became 
known, — at  present  only  a  certain  number  have  been  traced. 

Decision  of  a  doubtful  point  concerning  the  constitution  of  a  com- 
pound may  now  and  then  be  yery  satisfiictorily  made  by  a  reference  to 
tills  same  law  of  isomorphism.  Thus,  alumina,  the  only  known  oodde 
of  aluminium,  is  judged  to  be  a  sesquioxide  of  the  metal  from  its  rela- 
tion to  sesquioxide  of  iron,  which  is  certainly  so ;  the  black  oxide  of 
copper  is  infeiTed  to  be  really  the  protoxide,  although  it  contains  twice 
ns  much  oxygen  as  the  red  oxide,  because  it  is  isomorphous  with  mi^- 
nesia  and  zinc,  both  undoubted  protoxides. 

The  subjoined  table  will  serve  to  convey  some  idea  of  the  most  im- 
portant families  of  isomorphous  elements:  it  is  taken  from  Professor 
Graham's  systematic  work,*  to  which  the  pupil  is  referred  for  fuller 
details  on  this  interesting  subject. 

laomorphous  Qroups. 


There  is  a  law  concerning  the  formation  of  double  salts  whic    may 


a.) 

Sulphur 

(3.) 
Barium 

(7.) 
Sodium                • 

Selenium 

Strontium 

Silver 

Tellurium. 

Lead. 

Gold 

(20 

Magnesium 

Calcium 

Tin 
Titanium. 

Potassium  • 
Ammoniunu 

(8.) 

Manganese 
Iron 

(5.) 
Platinum 

Chlorine 
Iodine 

Cobalt 

Iridium 

Bromine 

Kickel 

Osmium. 

Fluorine 

Zinc 

Cadmium 
Copper 
Chromium 

(6.) 
Tungsten. 
Molybdenum 
Tantalum. 

Ctfctnogen, 

(9.) 
Phosphorus 
Ai*senic 

Aluminium 

Beryllium 

Vanadium 

Antimony 
Bismuth. 

Zirconium. 

*  Second  edition,  p.  ITS. 
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now  be  mentioned;  the  two  bases  are  never  taken  from  the  same 
iaomorphoos  family. .  Sulphate  of  copper  or  of  zinc  may  unite  in  this 
manner  with  sulphate  of  soda  or  potassa,  but  not  with  sulphate  of  iron 
or  <»bait ;  chloride  of  magnesium  may  combine  with  chloride  of  ammo- 
nium, but  not  with  chloride  of  zinc  or  nickel,  kc.  It  will  be  seen 
hereatler  that  this  is  a  matter  of  some  importance  in  the  theory  of  the 
organfc  acids. 

Poiybasic  Acids. — ^There  is  a  particular  class  of  acids  in  which  a 
departure  occurs  from  the  law  of  neutrality  formerly  d(«cribed :  these 
•re  acids  requiring  two  or  more  equivalents  of  a  base  for  neutraliza- 
tion. The  phosphoric  and  arsenic  acids  present  the  best  examples  yet 
known  in  mineral  chemistry ;  but  in  the  pi^anic  department  of  the 
science  cases  very  frequently  occur. 

Phosphoric  acid  is  capable  of  existing  in  three  different  states  or 
modifications,  forming  three  separate  claries  of  salts,  which  differ  com- 
pletely in  properties  and  conf  titution.  They  are  distinguished  by  the 
names  tribisic^  bibasic^  and  monobaaUi  acids,  hccoixling  to  the  number 
of  equivalent!}  of  bnse  required  to  form  neutral  salts. 

Tnbasic  or  Common  Phosphoric  Acid, — When  commercial  phosphate 
of  soda  is  dissolved  in  water,  and  the  solution  mixed  with  acetate  of 
lead,  an  abundant  white  precipitate  of  phosphate  of  lead  falls,  which 
may  be  collected  on  a  filter,  and  well  washed.  While  still  moist,  this 
compound  is  suspended  in  distilled  water,  and  an«exoess  of  sulphuretted 
hydrogen  gas  pasited  into  it.  The  protoxide  of  lead  is  converted  into 
sulphide,  which  subsides  as  a  black  insoluble  precipitate,  while  phos- 
phoric acid  remains  in  solution,  and  b  easily  deprived  of  the  residual 
sulphnretted  hydrogen  by  a  gentle  heat. 

The  soda-salt  employed  in  this  experiment  contains  the  tribasic 
modification  of  phosphoric  acid.  Of  the  three  equivalents  of  base,  two 
consist  of  soda  and  one  of  water:  when  mixed  with  solution  of  lead, 
a  tribasic  phosphate  of  the  oxide  of  that  metal  falls,  which,  when  de« 
composed  by  sulphuretted  hydrogen,  yields  sulphide  of  lead  and  a 
hydrate  of  the  acid  containing  three  equivalents  of  water  in  intimate 
combination. 


'  2  eq.  soda  -^  2  eq.  acetate  of  soda. 

1    „  water 'y'\^  ^    »>  hydrated  acetic  add. 

1    „  ph«»-l 
phoricadd  ) 


Phosphate 
of  soda 

»  ^.  M  i  2  eq.  acetic  acid 

*»»*      I  3   „  oxide  of  lead  ^^1  eq.  tribasic  phos- 

phate of  lead. 

2NaO,HO,PO,  +  3  (PbO.A)  =  3PbO,POj  +  HO,A 

-I-  2(NaO,A) 
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13  eq.  lead ^  3  eq.  sulphide  of  l«d, 
3  f,  oxygen 
1  ff  phob-^ 
phoric  acid/ 
3  eq.  6nlphuretted  (3eq.i»ulphur 

hydrogen  (3  „  hydrogen ^^  1  eq.  tribesic  hydrate 

of  phoFphoric  acid. 

3PbO,P04  +  3HS  =  3HO,P04  +  3PbS. 

The  solution  of  the  tribasin  hydrate  of  phosphoric  acid  may  be  con« 
centrated  by  evsporation  in  vacuo  over  8u}))huric  acid  until  it  ciystallizes 
in  thin  deliquescent  plates.  The  same  compound  in  beautiful  crystals, 
resembling  those  of  sugHi*-caDdy,  Iws  been  accidentally  formed.*  It 
tindergoes  no  change  by  boiling  with  water,  but  when  heated  alone  to 
400°  (204°*4C)  loseA  some  of  its  combined  water,  and  becomes  con- 
verted into  a  mixture  of  the  bibasic  and  monobasic  hydrates.  At  a 
red  heat  it  becomes  entirely  changed  to  mouohydiute,  which,  at  a  still 
higher  temperature,  sublimes. 

Tribasic  phosphoric  acid  is  chancterized  by  the  yellow  insoluble  salt 
it  forms  with  protoxide  of  silver. 

Bibasic  Phosphoric  Add,  or  Pyrophosphoric  Add, — ^When  common 
phosphate  of  soda,  containing 

'2NaO.HO,P04  +  24HO, 

is  gently  heated,  the  24  equivalents  of  water  of  crystallixation  are 
expelled,  and  the  salt  becomes  anhydrous  ;  but  if  the  heat  be  raised  to 
a  higher  point,  the  basic  water  is  also  diiven  off,  and  the  add  posses 
into  the  second  or  bibasic  modification.  If  the  altered  salt  be  now 
dissolved  in  water,  this  new  compound,  the  bibasic  phosphate  of  sofIa, 
crystallizes  out.  When  mixed  with  solution  of  acetate  of  lead,  bibasic 
phosphate  of  lead  is  thrown  down,  which,  decomposed  by  sulphui-etted 
hydrogen,  furnishes  a  solution  of  the  bibasic  hydrate.  This  solution 
may  be  presen'ed  without  change  at  common  temperatures ;  but  when 
heated,  an  equivalent  of  water  is  taken  up,  and  the  substance  passes 
back  again  into  the  tribasic  modification. 

Crystals  of  this  hydrate  have  also  been  observed  by  M.  Peligot. 
Their  production  was  accidental.  The  bibasic  phosphates  soluble  in 
water  give  a  white  pi-ecipitate  with  solution  of  silver. 

Monobasic,  or  Metajiiosphorio  Acid. — When  common  tribasic  pboa- 
phate  of  soda  is  mixed  with  solution  of  tribasic  hydrate  of  phosphoric 
acid,  and  exposed,  after  proper  concentration,  to  a  low  temperature, 
prismatic  caystals  ore  obtained,  which  consist  of  a  phosphate  of  soda 
having  two  equivalents  of  basic  water. 

KaO,2HO,POft  +  2H0, 
•  Pdigot,  Ann.  Chhn.  et  Phys.,  IxxUL  28$. 
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When  this  salt  »  Tory  strongly  heated,  both  the  water  of  crystalli* 
2ation  and  that  contained  in  the  ba^^e  are  expelled,  and  the  monobasic 
phosphsite  of  soda  reniain;^.  This  may  be  disoolved  in  cold  water, 
precipitated  with  acetate  of  lead,  and  the  lead-salt  as  before  decom- 
posed  bj  sulphuretted  hydrogen. 

The  solution  of  the  monobasic  hydrate  is  decomposed  rapidly  by 
beat,  becoming  eonvertel  into  tribasic  hydrate.  It  poioesses  the  pro« 
perty  of  costguiating  albumen,  which  is  not  enjoyed  by  either  of  the 
preceding  modiHcations.  Monobasic  alkaline  phosphates  precipitate 
nitrate  of  silver  white. 

The  glacial  phosphoric  aid  of  pharmacy  i^;,  when  pure,  hydrate  of 
nonobasic  phosphoric  acid:  it  contains  HO,  PO^. 

Anhydrous  phosphoric  acid,  prepared  by  burning  phosphorus  in  dry 
air,  when  thrown  into  water,  forms  a  mixture  in  variable  prnpor^ 
tions  of  the  three  hydrates.  When  heated,  a  solution  of  the  tribasic 
hydrate  alone  remains.*    See  also  phosphates  of  soda. 

Binary  Theory  of  Salts. — The  great  i-esemblance  in  properties  be* 
tween  th**  two  classes  of  saline  compounds,  the  haloid  and  oxy-<alt8, 
has  very  naturally  led  to  the  snp^KXiition  that  both  might  pa«iii>]y  be 
alike  constituted  ;  and  that  the  latter,  in>tead  of  being  considered  com- 
pounds of  an  oxide  and  an  acid,  might  with  greater  piopriety  be  con- 
sidered to  contain  a  metal  in  union  with  a  compound  salt-radical, 
having  the  chemical  relations  of  chlorine  and  iodine. 

On  this  supposition  sulphate  and  nitrate  of  potassa  will  be  consti- 
tuted in  the  same  manner  as  chloride  of  potassium,  the  compound 
radical  replacing  the  smiple  one. 

Old  View.  New  View. 

KO  -f-  SOg  K  +  SO4 

KG  -I-  NO,  K  +  NO, 

Hydrated  sulphuric  acid  will  ji)e,  like  hydrochloric  acid,  a  hydride  of 
a  salt  radical, 

H  +  SO,. 

When  the  latter  acts  upon  metallic  zinc,  the  hydrogen  is  simply 
displaced,  and  the  metal  substituted  ;  no  decomposition  of  water  is 
supposed  to  occur,  and,  consequently,  the  difficulty  of  the  old  hypo- 
thesis is  at  an  end.  When  the  ncid  is  pouied  upon  a  metallic  oxide, 
the  same  reaction  occurs  as  In  the  case  of  hydrochloric  acid,  water 

*  The  three  modifications  of  phosphoric  add  posAeas  properties  so  dissimilar 
that  they  might  reallj  be  considered  three  distinct,  although  bitimately 
rdateO  bodies  it  Is  exceedingly  remarkable,  that  when  their  salts  are  sub- 
jected to  electro-diemical  decomposition,  the  acids  tracd,  wialter»t,  a  tribasic 
salt  glTlng  at  the  positive  electrode  a  solution  of  common  pboKphoric  acid;  a 
bibaslc  sair,  one  of  pyrophosphoric  acid ;  and  a  monobasic  salt,  one  of  metaphos- 
pboric  add  (Professor  Daniell  and  i>r.  MiUer,  PhiL  Tnuis.  for  1844,  p.  l). 
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and  a  haloid  salt  are  produced.  Ail  acid.'«  must  be,  in  fact,  hrdrogen 
adds,  and  all  salts  haloid  salts,  with  either  simple  or  compound 
ndicals. 

This  simple  and  beautiral  theory  is  not  by  any  means  new ;  it  was 
suggested  by  Davy,  who  proposed  to  consider  hydn^n  as  the  acidi- 
fying principle  in  the  common  acids,  and  aflerwaixls  revired  and  very 
ha|>pily  illustrated  by  Liebig.  It  is  supported  by  a  good  deal  o( 
evidence  derived  from  various  sources,  aud  has  i-eceived  great  help 
from  a  series  of  exceedingly  interesting  ex{)eriments  on  the  electrolyus 
of  saline  solutions,  by  the  late  Pruf&isor  Daniel!.*  The  nec&asity  of 
creating  a  great  number  of  unknown  compounds  is  often  urged  as 
an  objection  to  the  new  view ;  but  the  same  objection  applies  to  the 
old  mode  of  considering  the  subject.  Hyposulphurous  add  and  hy- 
posulphuric  acid  are  unknown  in  their  free  states.  The  compounds 
Sfi^  and  8,0^  are  as  hypothetical  as  the  substances  S,0,  and  S,0^. 
The  same  i-emai'k  applies  to  many  of  the  organic  acids ;  and,  what 
is  well  worthy  of  notice,  those  acids  which,  like  sulphuric,  pboAphoric, 
and  carbonic  acids,  may  be  obtained  in  a  separate  state,  are  destitute 
of  all  acid  properties  so  long  as  the  ankffdtvus  condition  is  retained* 

The  general  application  of  the  binary  theory  still  presents  a  iew 
difficulties.  But  it  is  very  probable  that  the  progress  of  diaoovery 
will  ultimately  lead  to  its  universal  adoption,  which  would  greatly 
simplify  many  paits  of  the  science.  One  great  inoonvenienoe  will  be 
the  change  of  nomeacUture  involved. 


CLASSIFICATION  OF   METALS. 
1. 

Metals  of  the  Alkalis. 

Potassium  Rubidium 

Sodium  Lithium 

Caesium  Ammonium.f 

2. 
Ifetals  of  the  Alkaline  Earths, 

Barium  Calcium 

Strontium  Magnesium, 

«  See  Danieirs  Introduction  to  Chemical  Philosophy,  2Dd  edition,  p.  633. 
t  This  hypothetical  8ol«tiuice  Is  merely  placed  with  the  metals  for  the  sake 
of  oonvenleofie,  as  wUl  be  apparent  in  Uhe  sequel. 
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3. 

MetaU  of  the  Earths  Proper, 

Alaminium  Norium 

Berjltium  Thorium 

Yttrium  Cerium 

Erbium  Lanthmum 

Terbium  Didjmium 
Zirconium 


Oxiddble  Metab  Proper  ^  whose  Oxides  form  potcerful  Bases, 

Mangaoede  Zinc 

Iron  Cadmium 

Chromium  Bismuth 

cd  Lead 

lit  Thallium 

Copper  Uranium 


1^! 


5. 

Oxidcifle  Metais  Proper,  whose  Oxides  form  voeak  Bases,  or  Acids, 

Vanadium  Tin 

Tungsten  Antimony 

Molybdenum  Arsenic 

Tantalum  Tellurium 

Niobium  Osmium, 
Titanium 


6. 

Metal*  Proper,  whose  Oxides  are  reduced  by  Heat ;  Noble  Metals. 

Gold  Palladium 

Mercury  Iridium 

Silver  Ruthenium 

Platinum  Rhodium. 
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« 


POTASSIUM. 


Potassium  was  discorered  bj  Sir  H.  Davy  in  1807,  who  obtained 
it  in  very  eiDall  quantity  by  exposing  a  piece  of  moistened  hydrate  of 
potassa  to  the  action  of  a  powerful  voltaic  battery,  the  alkali  being 
placed  between  a  (lair  of  platinum  plates  put  into  connection  with  the 
appamtus.  Piocesses  have  since  been  devised  for  obtaining  this 
curious  metal  in  almost  any  quantity  that  cnn  lie  desired. 

An  intimate  mixture  of  carbonate  of  potassa  and  charcoal  is  pre- 
pared by  calcinating,  in  a  ooveied  iron  pot,  the  crude  tartar  of  com- 
nicrce ;  when  cold  it  is  rubbed  to  powder,  mixed  with  one-tenth  part 
of  chari'onl  in  small  lumps,  and  quickly  trausfeiTed  to  a  retort  of  stoat 
hamniei'Kl  iron:  the  latter  may  be  one  of  the  iron  bottles  in  which 
mercury  is  imported,  a  short  and  somewhat  wide  iron  tube  having  been 
Btteil  to  the  ai>erture.  The  retort  is  ]>laced  ufton  its  side,  in  a  furnace 
so  constructed  that  the  flame  of  a  very  strong  fiie,  fed  with  dry  wood, 
may  wrap  round  it,  and  maintain  eveiy  part  at  a  uaiform  degree  of 
heat,  nppronching  to  whiteness.  A  cnpper  receiver,  divided  io  the 
centre  by  a  diaphragm,  is  coiinected  with  the  iron  pipe,  and  kept  cool 
by  the  application  of  ice,  while  the  receiver  Itself  is  partly  filled  with 
naphtha  or  rock-oil,  in  which  the  potassium  is  to  be  preserved.  Ar- 
rangeuieuts  being  thus  completed,  the  tire  is  gradually  raised  until  the 
requisite  tempemture  is  reached,  when  decomposition  of  the  alkali  by 
the  charcoal  commences,  carbonic  oxide  gas  is  abundantly  disengaged, 
and  potassium  distils  over,  and  falls  in  large  melted  drops  into  the 
liquid.  The  pieces  of  charcoal  aie  introduced  for  the  purpose  of  ab- 
sorbing the  melted  carbonate  of  ])otassa,  and  preventing  its  separation 
from  the  finely  divided  carbonaceous  matter. 

If  the  potassium  be  wanted  absolutely  pure,  it  must  be  afterwards 
re-distilled  in  an  iron  retort,  into  which  some  naphtha  has  been  put, 
that  its  vapour  may  cxjiel  the  nir,  and  prevent  oxidation  of  the  metal. 

Potassium  is  a  brilliant  white  metal,  with  a  high  degree  of  lustre: 
at  the  <-ommon  temiieratura  of  the  air  it  is  soft,  and  may  be  easily  cat 
with  a  ktiife,  but  at  32^  (0<^0)  it  is  biittle  and  crystalline.  It  melts 
completely  at  136^  (57^-80),  and  dit>tiU  at  a  low  red  heat.  The 
density  of  this  remarkable  metal  i.s  only  0'865,  water  being  unity. 

Exposed  to  the  air,  potassium  oxidizes  instantly,  a  tarnish  covering 
the  surface  of  the  metal,  which  quickly  thickens  to  a  crust  of  caustic 
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potassa.  Thrown  upon  Water,  it  takes  fire  spontaneoiutlj,  and  bams 
with  a  beautiful  purple  flame,  yielding  an  alkaline  solution.  When 
brought  into  contact  with  a  little  water  in  a  jar  standing  o^er  merw 
corj,  the  liqnid  is  decompofled  with  great  energy,  and  hydrogen  liberated. 
Potassium  is  always  preserved  under  the  surface  of  naphtha. 

The  equivalent  of  potassium  (kalium)  is  39 ;  and  its  symbol,  K. 

There  are  two  compounds  of  this  metal  with  oxygen, — ^potassa  and 
tetronde  of  potassium. 

POTASSA,  POTASH,  or  PROTOXIDE  OT  POTASSIUM,  KO,  18  produced 

when  potassium  is  heated  in  dry  airr  the  metal  bums,  and  becomes 
entirely  converted  into  a  volatile,  fusible,  white  substance,  which  is 
anhydrous  potassa.  Moistened  with  water,  it  evolves  great  heat,  and 
forms  the  hydrate. 

The  hydi-ate  of  potassa,  KO,HO,  is  a  very  important  substance,  and 
one  of  ^reat  practical  utility.  It  is  always  prepared  for  use  by  decom- 
posing the  carbonate  by  hydrate  of  lime,  as  in  the  following  process, 
which  is  very  convenient : — 10  parts  of  carbonate  of  potassa  are  dis- 
solved in  100  parts  of  water,  and  heated  to  ebullition  in  a  clean  un- 
tinned  iron,  or,  still  better,  silver  vessel ;  8  parts  of  good  quicklime  are 
meanwhile  slaked  in  a  covered  basin,  and  the  r^ulting  hydrate  of  lime 
added,  little  by  little,  to  the  boiling  solution  of  carbonate,  with  frequent 
stirring.  When  all  the  lime  has  been  introduced,  the  mixture  is  suf- 
fered to  boil  for  a  few  minutes,  and  then  removed  from  the  fire  and 
covered  up.  In  the  course  of  a  very  short  time,  the  solution  will  have 
beoome  quite  clear,  and  fit  for  decantation,  the  carbonate  of  lime,  with 
the  ezcHss  of  hydrate,  settling  down  as  a  heavy,  sandy  precipitate. 
The  solution  should  not  effervesce  with  acids. 

It  is  esseotial  in  this  process  that  the  solution  of  carbonate  of  potassa 
be  dilute,  otherwise  the  decomposition  becomes  imperfect.  The  propor- 
tion of  lime  recommended  is  much  greater  than  that  required  by  theory, 
but  it  is  always  proper  to  have  an  excess. 

The  solution  of  hydrate,  or,  as  it  is  commonly  called,  caustic  potassa, 
may  be  concentrated  by  quick  evaporation  in  the  iron  or  silver  vessel  to 
any  deiired  extent :  when  heated  until  vapour  of  water  ceases  to  be 
disengaged,  and  then  suffered  to  cool,  it  furnishes  the  solid  hydrate, 
containing  single  equivalents  of  potassa  and  water. 

Pure  hydrate  of  potassa  may  also  be  easily  obtained  by  heating  to 
redness  for  half  an  hour  in  a  covered  copper  vessel  one  part  of  pure 
powdered  nitre  with  two  or  three  parts  of  finely-divided  copper  foil. 
The  mus,  when  cold,  is  treated  with  water.  This  compound  is  a  white 
solid  substance,  very  deliquescent  and  soluble  in  water;  alcohol  also 
dissolves  it  freely,  which  is  the  case  with  comparatively  few  of  the 
compounds  of  this  base:  the  solid  hydrate  of  commerce,  which  is  very 
impnre,  may  thus  be  purified.  The  solution  of  this  substance  possesses, 
in  the  very  highest  d^ree,  the  properties  termed  alkaline :  it  restores 
the  blue  colour  to  litmus  which  has  been  reddened  by  an  add ;  neu* 
tralizes  completely  the  most  powerful  acids;   has  a  nauseous  and 
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peculiar  taste,  and  dissolves  the  sicin,  and  manj  other  orgimic  mattery 
when  the  latter  are  subjected  to  its  action.  It  is  frequently  used  Ij 
aurgeons  as  a  cautery,  being  moulded  into  little  sticks  for  that  purpoee. 

Hydrate  of  potassa,  both  in  the  solid  state  and  in  solution,  rapidly 
absorbs  carbonic  acid  from  the  air;  hence  it  must  be  kept  in  closely- 
stopped  bottles.  When  imperfectly  prepared,  or  partially  altered  by 
exposure,  it  effenresces  with  an  acid. 

The  water  in  this  compound  cannot  be  displaced  by  heat,  the  hydrate 
volatilizing  as  such  at  a  very  high  temp^srature. 

The  following  table  of  the  densities  and  value  in  real  alkali  of 
different  solutions  of  hydrate  of  potassa  is  given  on  the  authority  of 
Dr.  Dalton: — 


^na'lt'v 

Percentage  of 

Density. 

Pnx^ntaKeof 

JKUSllij, 

real  alkali. 

realalkalL 

1-68 

51-2 

1-33 

26-3 

1-60     . 

.     •    .     46-7 

1-28     . 

.     23-4 

1-52 

42-9 

1-23 

19-5 

1-47     . 

.     39-6 

1-19     . 

.     16-2 

1-44 

36-8 

115 

130 

1-42     . 

.     34-4 

1-11     . 

.       9-5 

1-39 

32-4 

1-06 

4-7 

1-36     . 

.     29-4 

* 

Tetroxidb  of  potassium,  KO4,  is,  according  to  Harcourt,  produced 
by  fieating  potassium  in  an  excess  of  dry  air;  it  is  a  chrome-yellow 
powder  which  agglutinates  at  536°  (280^0)  without  fusing;  when 
exposed  to  the  air  it  evolves  oxygen,  and  by  the  absorption  of  water 
becomes  converted  into  hydrate  of  potassa ;  on  the  water  bath  it  evolvea 
oxygen. 

Carbonate  of  potassa,  K0,C0(+2H0. — Salts  of  potassa  con- 
taining a  vegetable  acid  are  of  constant  occurrence  in  plants,  where  they 
perfoiin  impoi-tant,  but  not  yet  perfectly  understood,  functions  in  the 
economy  of  those  beings.  The  potassa  is  derived  from  the  soil,  which, 
when  capable  of  supporting  vegetable  life,  always  contains  that  sub- 
stance. When  plants  are  burned,  the  organic  acids  are  destroyed,  and 
the  potassa  lefl  in  the  state  of  carbonate. 

It  is  by  these  indirect  means  that  carbonate,  and,  in  fact,  nearly  all 
the  salts,  of  potassa  are  obtained :  the  great  natural  depository  of  the 
alkali  is  the  felspar  of  granitic  and  other  unstratiBed  rocks,  where  it  is 
combined  with  silica,  and  in  an  insoluble  state.  The  extraction  thmoe 
is  attended  with  great  difficulties,  and  many  attempts  at  manufacturing 
it  on  a  large  scale  from  this  source  have  failed ;  but  experiments  quite 
recently  made  by  Mr.  T.  O.  Ward  appear  to  indicate  tliat  the  object 
mny  be  accomplished  by  fusing  potassa  rocks  with  a  mixture  of  car* 
bonate  of  lime  and  fluoride  of  odcium.  There  are,  however,  natural 
processes  at  work,  by  which  the  potassa  is  constantly  being  eliminated 
trom  these  rocks.  Under  the  iniluence  of  atmospheric  ageuciea  these 
rocks  disintegrate  into  soils,  and  as  the  alkali  acquii'es  solubility,  it  ia 
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gradual]/  taken  up  by  plants,  and  accumulates  in  their  substance  in  a 
condition  highly  far  curable  to  its  subsequent  applications. 

Potassa-^alts  are  always  most  abundant  in  the  green  and  tender  parts 
of  plants,  as  may  be  expected,  since  from  these  evaporation  of  nearly 
pure  water  takes  plao>  to  a  large  extent :  the  solid  timber  of  forest 
trees  contains  comparatirely  little. 

In  preparing  the  salt  on  an  extensive  scale,  the  ashes  are  subjected 
to  a  process  called  lixiviation :  they  are  put  iuto  a  large  cask  or  tun, 
haTing  an  aperture  near  the  bottom,  stopped  by  a  plug,  and  a  quantity 
of  water  is  added.  After  some  hours  the  liquid  is  drawn  off,  and  more 
.water  added,  that  the  whole  of  the  soluble  matter  may  be  removed. 
The  weakest  solutions  are  poured  upon  fresh  quantities  of  ash,  in  place 
of  water.  The  solutions  are  then  evaporated  to  dryness,  and  the  residue 
calcined,  to  remove  a  little  brown  organic  matter :  the  product  is  the 
crude  potash  or  pearlash  cf  commerce,  of  which  very  large  quantities 
are  obtained  from  Russia  and  America. 

This  salt  is  very  impure :  it  contains  silicate  and  sulphate  of  potassa, 
chloride  of  potanium,  &c. 

The  purified  carbonate  of  potassa  of  pharmacy  is  prepared  from  the 
crude  article  by  adding  an  equal  weight  of  cold  water,  agitating,  and 
filtering :  most  of  the  foreign  salts  are,  from  their  iufeiior  degree  of 
solubility,  left  behind.  The  solution  is  then  boiled  down  to  a  veir 
small  bulk,  and  suffered  to  cool,  when  the  carbonate  separates  in  small 
cryatals  containing  2  equiv.  of  water,  which  ai'e  drained  from  the 
mother-liqnor,  and  then  dried  in  a  stove. 

A  still  purer  salt  may  be  obtained  by  exposing  to  a  red^heat  puri« 
fied  cream  of  tartar  (acid  tartrate  of  potassa),  and  separating  the  car* 
bonate  by  solution  in  water  and  crystallization,  or  evaporation  to 
dryness. 

Carbonate  of  potassa  is  extremely  deliquescent,  and  soluble  in  less 
than  its  own  weight  of  water :  the  solution  is  highly  alkaline  to  test^ 
paper.  It  is. insoluble  in  alcohol.  By  heat  the  water  of  crystallization 
is  driven  off,  and  by  a  temperature  of  full  ignition  the  salt  is  fused,  but 
not  otherwise  changed.  This  substance  is  hirgely  used  in  the  arts,  and 
b  a  compound  of  great  Importance. 

Bicarbonate  op  potassa,  K0,C08+H0,C0t. — ^When  a  stream 
of  carbonic  acid  gas  is  passed  through  a  cold  solution  of  carbonate  of 
potassa,  the  gas  is  rapidly  absorbed,  and  a  white,  crystalline,  and 
less  soluble  substance  separated,  which  is  the  new  compound.  It  is 
collected,  pressed,  re-dissolved  in  warm  water,  and  the  solution  left  to 
crystallize.  ... 

Bicarbonate  of  potassa  is  much  less  soluble  than  simple  carbonate: 
it  requires  for  that  purpose  4  parts  of  cold  water.  The  solution  is  nearly 
neutral  to  test-paper,  and  has  a  much  milder  taste  than  the  preceding 
salt.  When  boiled,  carbonic  acid  is  disengaged.  The  crystals,  which 
are  large  and  beautifnl,  derive  their  form  from  a  right  rhombic  prism  r 
they  are  decomposed  by  heat,  water  and  carbonic  acid  being  evolved, 
and  simple  carbonate  )eft  behind, 
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important  oompoaikd  is  a  natural  product,  being  disengaged  by  a  kind 
of  ettlorescenoe  from  the  surface  of  the  soil  in  certain  dry  and  hot 
countries.  It  may  also  be  produced  by  artificial  means,  namely,  by  the 
oxidation  of  ammonia  in  presence  of  a  powerful  base. 

In  France,  Urge  quantities  of  artificial  nitre  are  prepared  by  mizmg 
animal  refuse  of  all  kinds  with  old  mortar  or  hydnte  of  lime  and  earth, 
«and  placing  the  mixture  in  heaps,  protected  from  the  rain  by  a  roof, 
but  freely  exposed  to  the  air.  From  time  to  time  the  heaps  are  watered 
with  putrid  uriue,  and  the  mass  turned  over,  to  expose  fresh  surfiioes 
to  the  air.  When  much  salt  has  been  formed,  the  mixture  is  lixiviated, 
and  the  solution,  which  contains  nitrate  of  lime,  mixed  with  carbonate 
of  potassa ;  carbonate  of  lime  is  formed,  and  the  nitiic  acid  transferred 
to  the  alkali.  The  filtered  solution  is  then  made  to  crystallize,  and 
the  crystals  purified  by  re-solution  and  crystallization,  the  liquid  being 
stirred  to  prevent  the  formation  of  lai^  crystals. 

All  the  nitre  used  in  this  country  comes  from  the  East  Indies :  it  is 
dissolved  in  water,  a  little  carbonate  of  potassa  added  to  precipitate 
lime,  and  then  the  salt  purified  as  above. 

Nitrate  of  potassa  crystallizes  in  anhydrous  six-sided  prisms,  with 
dihedral  summits:  it  is  soluble  in  7  parts  of  water  at  60°  (15°*5C), 
imd  in  its  own  weight  of  boiling  water.  Its  taste  is  saline  and  cooling, 
and  it  is  without  action  on  vegetable  colours.  At  a  temperature  below 
redness  it  melts,  and  by  a  strong  heat  is  completely  decomposed. 

When  tlirown  on  the  surface  of  many  metals  in  a  state  of  fnsion, 
or  when  mixed  with  combustible  matter  and  heated,  rapid  oxidation 
ensues,  at  the  expense  of  the  oxygen  of  the  nitric  acid.  Examples  of 
luch  mixtures  are  found  in  common  gunpowder,  and  in  nearly  all 
pyrotechnic  compositions,  which  bum  in  this  manner  independently 
of  the  oxygen  of  the  air,  and  even  under  water.  Gunpowder  is  made 
by  very  intimately  mixing  together  nitrate  of  potassa,  charcoal,  and 
sulphur,  in  proportions  which  approach  1  eq.  nitre,  3  eq.  carbon^  and 
1  eq.  sulphur. 

These  quantities  give,  reckoned  to  100  psrts,and  compared  with  the 
proportions  used  in  the  manutiicturs  of  the  English  Government 
powder,*  the  following  results :— ^ 

Nitrate  of  potassa    •        .        .        74*8        .        75 

Charcoal 13*3   .        •     15 

Sulphur 11*9        •        10 

100-0  100 

The  nitre  is  ruddered  very  pure  by  the  means  already  mentioned, 
freed  from  water  by  fusion,  and  ground  to  fine  powder  ;  the  sulphur 
and  charcoal,  the  latter  being  made  from  light  wood,  as  dogwood  or 

*  Or.  KKIaUochk  Ency.  Brtt 


fOTABSIUH.  277 

«Ider,  nre  also  fioeljgroQnd,  after  which  the  materials  are  weighed  out, 
moisteaed  with  water,  and  thoroughly  mixed,  hj  grinding  under  aa 
edge-mill.  The  mass  is  then  subjected  to  great  pressure,  and  the  mill- 
cake  thus  produced  broken  in  pieces,  and  placed  in  sieves  made  of  per- 
forated Tellom,  moved  bj  machinery,  each  containing,  in  addition,  a 
round  piece  of  heavy  wood.  The  grains  of  powder  broken  off  by  attri- 
tion fall  through  the  holes  in  the  skin,  and  are  easily  separated  from 
the  dust  by  aifting.  The  powder  is,  lastly,  dried  by  exposure  to  steam- 
heat,  and  sometimes  glazed  or  polished  by  agitation  in  a  kind  of  cask 
mounted  on  an  axis. 

When  gunpowder  is  fired,  the  oxygen  of  the  nitrate  of  potassa  is 
transferred  to  the  carbon,  forming  carbonic  acid :  the  sulphur  combines 
with  the  potassium,  and  the  nitrogen  is  set  free.  The  large  volume  of 
gas  thus  produced,  and  stiU  further  expanded  by  the  very  exidted 
temperature,  sufficiently  accounts  for  the  explosive  effects. 

Sl'lphate  of  potassa,  K0,S0,. — The  acid  residue  left  in  the 
retort  when  nitric  add  is  prepared  is  dissolved  in  water,  and  neutral- 
ized, with  crude  carbonate  of  potassa.  The  solution  furnishes,  on 
cooling,  hard  transparent  crystals  of  the  neutral  sulphate,  which  may 
be  re-dissolved  in  boiling  water,  and  re-crystallized. 

Sulphate  of  potassa  is  soluble  in  about  10  parts  of  cold,  and  in  a 
much  smaller  quantity  of  boiling  water:  it  has  a  bitter  taste,  and  is 
neutral  to  test-paper.  The  crystals  much  resemble  those  of  quartz  in 
figure  and  appearance:  they  are  anhydrous,  and  decrepitate  when 
suddenly  heated,  which  is  often  the  case  with  salts  containing  no  water 
of  crjrstallization.     They  are  quite  insoluble  in  alcohol. 

BisoLPHATB  OF  POTASSA,  KO,  S0g,+H0,S08.— The  neutral  sul- 
phate in  powder  is  mixed  with  half  its  weight  of  oil  of  vitriol,  and  the 
whole  evaporated  quite  to  dryness  in  a  platinum  vessel,  placed  under 
a  chimney :  the  fused  salt  is  dissolved  in  hot  water,  and  left  to  crys- 
tallize. The  crystals  have  the  figure  of  flattened  rhombic  prisms,  and 
are  much  more  soluble  than  the  nentral  salt,  requiring  only  twice 
their  weight  of  water  at  60°  (IS^'-SC),  and  less  than  half  that  quan- 
tity at  212^  (lOO^C).  The  solution  has  a  sour  taste  and  strongly-acid 
reaction. 

BisuLPHATE  OF  POTASSA,  ANHYDROUS,  K0,2S0,. — Equal  weights 
of  neutral  sulphate  of  potassa  and  oil  of  vitriol  are  dissolv^  in  a  small 
quantity  of  warm  distilled  water,  and  set  aside  to  cool.  The  anhydrous 
sulphate  crystallizes  out  in  long  delicate  needles,  which  if  left  several 
days  in  the  mother-liquor  disappear,  and  give  place  to  crystals  of  the 
ordinary  hydraied  bisulphate  above  describ«l.  This  salt  is  decomposed 
by  a  large  quantity  of  water.* 

Sesqoisdlphate  of  POTASSA,  2(K0,S0,)-|-H0,S0,.— A  salt, 
cryitallizing  in  fine  needles  resembling  those  of  asbestos,  and  having 
the  composition  stated,  was  obtained  by  Mr.  Phillips  from  the  nitric 

*  Jacqaelain,  Ann.  Cblm.  et  Pbys.  vol.  vU.  p.  311. 
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acid  residue.     M.  Jaoquelain  was  imsucoessful  in  his  attempts  to  re- 
produce this  compound. 

Chlorate  of  potass  a,  KO^CIOs. — The  theory  of  the  production 
of  chloric  acid,  hj  the  action  of  chlorine  gas  on  a  solution  of  caustic 
potassa,  has  heen  already  described  (p.  178). 

Chlorine  gas  is  conducted  by  a  wide  tube  into  a  strong  and  warm 
solution  of  carbonate  of  potassa,  until  absorption  of  the  gas  ceases. 
The  liquid  is,  if  necessary,  evaporated,  and  then  allowed  to  cool,  in 
order  that  the  slightly-soluble  chlorate  may  crystallize  out.  The 
mother-liquor  afifords  a  secoiid  crop  of  crystals,  but  they  are  mu<di 
more  contaminate<l  by  chloride  of  potassium.  It  may  be  pariiied  by 
one  or  two  re-crystallizations. 

Chlorate  of  potassa  is  soluble  in  about  20  parts  of  cold  and  2  of 
boiling  water :  the  crystals  are  anhydrous,  flat,  and  tabular ;  in  taste 
it  somewhat  resembles  nitre.  Heated,  it  disengages  oxygen  gas  from 
both  acid  and  base,  and  leaves  chloride  of  potas.<ium.  By  arresting 
the  decomposition  when  the  evolution  of  gas  begins  to  slacken,  and  re- 
dissolving  the  salt,  perchlorate  of  potassa  and  chloride  of  potassium 
may  be  obtained. 

This  salt  deflagrates  violently  with  combustible  matter,  explosion 
often  occurring  by  friction  or  blows.  When  about  one  grain-weight  of 
chlorate  and  an  equal  quantity  of  sulphur  are  rubbed  in  a  mortar,  th« 
mixture  exploiles  with  a  loud  report ;  hence  it  cannot  be  used  in  the 
preparation  of  gunpowder  instead  of  nitrate  of  potassa.  Chlorate  of 
potassa  is  now  a  large  ai-ticle  of  commerce,  being  employed,  together 
with  phosphorus,  in  making  instantaneous-light  matches. 

Perchlorate  op  potassa,  kO,CI07. — This  has  been  already 
noticed  under  the  head  of  perchloric  acid.  It  is  best  prepared  by 
projecting  powdered  chlorate  of  potassa  into  warm  nitric  acid,  when 
the  chloric  acid  is  resolved  into  perchloric  acid,  chlorine  and  oxygen 
gases.  The  salt  is  separated  by  crystallization  from  the  nitrate, 
rerchlorate  of  potassa  is  a  very  feebly-soluble  salt:  it  requires  55 
parts  of  cold  water,  but  is  more  freely  taken  up  at  a  boiling  heat* 
The  crystals  ai'e  small,  and  have  the  flgure  of  an  octahedron,  with 
square  base.  It  is  decomposed  by  heat,  in  the  same  manner  as  chloi'ate 
of  potasf  a. 

Sulphides  of  potassium. — ^There  are  not  less  than  Ave  or  six  dis- 
tinct compounds  of  potassium  and  sulphur,  of  which,  however,  only 
three  are  of  suflScient  importance  to  be  noticed  here :  these  are  the 
compounds,  containing  KS,  KS^,  and  KS,. 

Simple  or  protosulphide  of  potassium  is  formed  by  directly  combining 
the  metal  with  sulphur,  of  by  reducing  sulphate  of  potassa  at  a  red-heat 
by  hydrogen  or  charcoal  powder.  Another  method  is  to  take  a  strong 
solution  of  hydrate  of  potassa,  and  afler  dividing  it  into  two  equal 
portioni^  saturate  the  one  with  sulphuretted  hydrogen  gas,  and  then 
add  the  remainder.  The  whole  is  then  evaporated  to  dryness  in  a 
refoi-t,  and  the  residue  fused. 
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.'  The  protosutphide  ia  a  Grystalline  ciunabar-red  tnasi,  very  soluble  ia 
water.  The  solution  has  an  exceedingly  offensive  and  caustic  taste,  and 
is  decomposed  by  acids,  even  carbonic  acid,  with  evolution  of  sulphur- 
etted hydrogen,  and  formation  of  a  salt  of  the  acid  used.  This  com- 
pound is  a  strong  sulphur-base,  and  unites  with  the  sulphides  of 
hydrogen,  carbon,  arsenic,  &c.,  forming  crystallizable  saline  compounds. 
Chie  of  these,  KS-f  HS,  is  produced  when  hydrate  of  potassa  is  saturated 
with  sulphuretted  hydrc^n,  as  before  mentioned. 

The  higher  sulphides  are  obtained  by  fusfng  the  protosulphide  with 
different  proportions  of  sulphur.  They  ai-e  soluble  in  water,  and  de- 
composed by  acids,  in  the  same  manner  as  the  foregoing  compound, 
with  this  addition,  that  the  excess  of  sulphur  is  precipitated  ai>  a  fine 
white  powder. 

Hepar  stUphwis  is  a  name  given  t^  a  brownish  substance,  sometimes 
tis^  in  medicine,  made  by  fusing  together  different  propoiiions  of  car- 
bonate of  potassa  and  sulphur.  It  is  a  vai'iable  mixture  of  the  two 
higher  sulphides  with  hyposulphite  and  sulphate  of  potassa. 

When  equal  parts  of  sulphur  and  dry  airbouate  of  potassa  are 
melted  together  at  a  temperature  not  exceeding  482°  (250^0),  the 
decompiMution  of  the  salt  is  quite  complete,  and  all  the  carbonic  acid  is 
expelled.  The  fused  mass  dissolves  iu  water,  with  the  exception  of  a 
little  mechanically-mixed  sulphur,  with  daik-brown  colour,  and  the 
solution  is  found  to  contain  nothing  besides  pentasulphide  of  poUissium 
and  Hyposulphite  of  potassa. 


3  eq.  potassa 

12  eq.   sul- 
phur 


{ 


2  eq.  potassium 
2  eq.  oxygen 

1  eq.  potassa 
10  eq.  sulphur 

2  eq.  sulphur 

3K0+ 12S  =  2KSa+  KO,S,Og. 


2  eq.  pentasulphide 
of  potassium. 


1  eq.  hyposulphite 
of  potassa. 


When  the  mixture  has  been  exposed  to  a  temperature  approaching 
that  of  ignition,  it  is  found,  on  the  Conti-ary,  to  contain  sulphate  of 
potassa,  arising  trom  the  decomposition  of  the  hyposulphite  which  then 
occurs. 

4  eq.     (  1  eq.  potassiuni 

potassa   <   1  eq.  oxygen 

(  3  eq.  potassa 

4  eq.  hy-  |  5  eq.  sulphur 

posulph.  <  3  eq.  sulphur 

acid         (  8  <i<l*  oxygen 


4eq. 
hyposul- 
phite of 
potassa 


\ 


1  eq.  pentasul- 
phide of  po« 
tassium. 


3  eq.  sulphate 
of  potassa* 
4(K0,SA)  =  KS,-1.3(K0,S0,). 

From  both  these  mixtures  the  pentasulphide  of  potassium  may  be 
extracted  by  alcohol,  in  which  it  dissolves. 
When  the  carbooate  is  fused  with  half  its  weight  of  sulphur  only, 
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then  the  iersalphide,  KS„  is  produced  instead  of  that  abore  indicated  ; 
3  eq.  of  potassa  and  8  eq.  of  sulphur  containing  the  elements  of  2  eq. 
sulphide  and  1  eq.  hyposulphite. 

The  effecta  described  happen  in  the  same  manner  when  hjdrate  of 
potassa  is  substituted  for  the  carbonate ;  and,  also,  when  a  solution  of 
the  hjdrate  is  boiled  with  sulphur,  a  mixture  of  sulphide  and  hypo- 
sulphite always  results. 

Chloride  of  potassium,  KCl.— This  sidt  is  obtained  in  large 
quantity  in  the  manufacture  of  chlorate  of  potassa:  it  is  easily  purified 
irom  any  portions  of  the  latter  by  exposure  to  a  dull  red-heat.  Within 
the  last  few  years  large  quantities  of  this  salt  have  been  obtained  from 
sea-water,  by  a  peculiar  process  suggested  by  M.  Balard.*  It  is  also 
contained  in  Icelp,  and  is  separated  ^r  the  use  of  the  alum-maker. 

Chloride  of  potassium  closely  rambles  common  salt  in  appearance, 
assuming,  liice  that  substance,  the  cubic  form  of  crystallization.  Tht 
crystals  dissolve  in  three  parts  of  cold,  and  in  a  much  less  quantity  c^ 
boiling  water :  they  are  anhydrous^  have  a  simple  saline  taste,  with 
slight  bittei-ness,  and  fuse  when  exposed  to  a  i^-heat.  Chloride  of 
potassium  is  volatilized  by  a  very  high  temperature. 

Iodide  of  Potassium,  KI.— There  are  three  different  methods  ot 
preparing  this  important  medicinal  compound. 

(1.)  When  iodine  is  added  to  a  strong  solution  of  caustic  potassa 
free  from  carbonate,  it  is  dissolved  in  large  quantity,  forming  a  colour- 
less solution  containing  iodide  of  potassium  and  iodate  of  potassa ;  the 
reaction  is  the  same  as  in  the  analogous  case  with  chlorine.  When 
the  solution  begins  to  be  permanently  coloured  by  the  iodine,  it  is 
evaporated  to  dryness,  and  cautiously  heated  to  redness ;  by  which  the 
iodate  of  potassa  u  entirely  converted  into  iodide  of  potassium.  Th« 
mass  is  then  dissolved  in  water,  and,  after  filtration,  made  to  crystallize. 

(2.)  Iodine,  water,  and  iron-filings  or  scraps  of  zinc,  are  placed  in  a 
warm  situation  until  the  combination  is  complete,  and  the  solution 
colourless.  The  resulting  iodide  of  iron  or  zinc  is  then  filtered,  and 
exactly  decomposed  with  solution  of  pure  carbonate  of  potassa,  great 
care  being  taken  to  avoid  excess  of  the  latter.  Iodide  of  potassium  and 
carbonate  of  protoxide  of  iron,  or  zinc,  are  obtained :  the  former  ia 
separated  by  filtration,  and  evaporated  until  the  solution  is  sufficiently 
concentrated  to  crystallize  on  cooling,  the  washings  of  the  filter  being 
added  to  avoid  loss. 

Iodide  of  iron   il'^^'   " =^      '«"''*  "^  P**"" 


(Iron 


Slum. 


Carbonate  of   JP''***"*^{  Oxveen  ^^ 

^***^         (Carbonic  acid  ""^^     Carbonateofprot- 

oxide  of  iron. 
Fel + K0,C08  =  KI  -I-  FeCCO,. 

*  B^rts  by  the  Joriet  of  the  InteniaUonal  EzhlbiUon  of  18e2,  Clais  IL 


P0TA8BIUK,  281 

(3.)  A  very  simple  method  for  the  preparation  of  iodide  of  potassiam 
has  recently  been  proposed  by  Liebig.  One  part  of  amorphous  phos- 
phonis  is  added  to  40  parts  of  warm  water,  20  parts  of  dry  iodine  are 
then  gradually  added  and  intimately  mixed  with  the  phosphorus  by  tritu- 
ration. The  dark-brown  liquid  thus  obtained  is  now  heated  on  the 
water-bath  until  it  becomes  colourless ;  it  is  then  poured  off  from  the 
undissolved  phosphorus  and  neutralized  first  with  carbonate  of  baryta, 
and  then  with  baryta  water  until  it  becomes  slightly  alkaline.  The  in- 
soluble phosphate  of  baryta  is  filtered  oif  and  washed ;  the  filti'ate  now 
oontaii^  nothing  but  iodide  of  barium,  which,  when  treated  with 
sulphate  of  potassa  yields  insoluble  sulphate  of  baryta  and  iodide  of 
potassium  in  solution.     Lime  answers  nearly  equally  well  as  haryUu 

iodide  of  potassium  crystallizes  in  cubes,  which  are  otlen,  from  some 
unexplained  cause,  milk-white,  and  opaque  :  they  are  anhydrous,  and 
fuse  readily  when  heated.  The  salt  is  very  soluble  in  water,  but  not 
deliquescent,  when  pure,  in  a  moderately  dry  atmosphere :  it  is  dissolved 
bj  alcohol. 

Solution  of  iodide  of  potassium,  like  those  of  all  the  soluble  iodides, 
dissolves  a  large  quantity  of  free  iodine,  forming  a  deep-brown  liquid, 
Qot  decomposed  by  water. 

Bbomide  of  potassium,  EBr. — This  compound  may  be  obtained 
bj  processes  exactly  similar  to  thosejust  described,  substituting  bromine 
for  the  iodine.  It  is  a  colourless  and  very  soluble  salt,  quite  indis- 
tinguishable in  appearance  and  general  charactei'S  from  the  iodide. 


The  salts  of  potassa  are  colourless,  when  not  associated  with  a 
coloured  metallic  oxide  or  acid.  They  are  all  more  or  less  soluble  in 
water,  and  may  be  distinguished  by  the  following  characters : — 

(1.)  Solution  of  tartaric  add,  added  in  excess  to  a  moderately-strong 
solution  of  potassa-salt,  gives,  after  some  Ume,  a  white  crystalline  pre- 
cipitate of  cream  of  tsjtar :  the  effect  is  greatly  promoted  by  strong 
agitation. 

(2.)  Solution  of  bichloride  of  platinum,  with  a  little  hydrochloric 
add,  if  necessary,  gives,  under  similar  circumstances,  a  cr}'stalline 
yellow  precipitate,  which  is  a  double  salt  of  bichloride  of  platinum  and 
chloride  of  potassium.  Both  tliis  compound  and  cream  of  tartar  are, 
however,  soluble  in  about  60  parts  of  cold  water.  An  addition  of 
akaohol  increases  the  delicacy  of  both  tests. 

(3.)  Perchloric  add,  and  hydrufluosilidc  acid,  give  rise  to  slightly* 
loluble  white  predpitates  when  added  to  a  potassa-salt. 

(4.)  Salts  of  potassa  usually  colour  the  outer  blowpipe-flame  purple 
or  violet :  this  reaction  is  clearly  perceptible  only  when  the  potassar 
wits  are  pure. 

.  (5.)  The  spectral  phenomena  exhibited  by  potassium  compounds  are 
mentioned  at  p.  69. 
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SODIUM. 

This  metal  was  obtained  by  Davy  very  shortly  afler  the  discovery  of 
potassium,  and  by  amilar  means.  It  may  be  prepared  in  lai^  quan- 
tity by  decomposing  carbonate  of  soda  by  charooal  at  a  high  tempera- 
ture. 

Six  parts  of  anhydrous  carbonate  of  soda  are  dissolved  in  a  little  hot 
water,  and  mixed  with  two  part^  of  finely-powdered  charcoal  and  ooe 
part  of  charcoal  in  lumps.  The  whole  is  then  evaporated  to  dryness, 
transferred  to  the  iron  retort  before  described,  and  heated  in  the  same 
manner  to  whiteness.  A  receiver  containing  rock-oil  is  adapted  to  the 
tube,  and  the  whole  operation  carried  on  in  the  same  way  as  when 
potassium  is  made.  The  process,  when  well  conducted,  is  easier  and 
more  certain  than  that  of  making  potassium.  Very  important  im- 
provements have  been  made  in  the  manufacture  of  sodium  by 
M.  Deville,  consisting  partly  in  the  simplification  of  the  receiver,  partly 
in  the  addition  of  carbonate  of  lime  to  the  mixture,  which  appears  to 
facilitate  the  reduction  in  a  most  remarkable  manner. 

Sodium  is  a  silver-white  metal,  greatly  resembling  potassium  in  every 
respect:  it  is  soft  at  common  temperatures,  melts  at  194°  (90°C),  and 
oxidises  very  rapidly  in  the  air.  Its  specific  gravity  is  0*972.  Placed 
upon  the  surface  of  cold  water,  sodium  decomposes  that  liquid  with 
great  violence,  but  seldom  takes  fire  unless  the  motion  of  the  fragment 
be  restrained,  and  its  rapid  cooling  diminislied,  by  adding  gum  or  starch 
to  the  water.  With  hot  water  it  takes  fire  at  once,  burning  with  a 
bright-yellow  flame,  and  giving  rise  to  a  solution  of  soda. 

The  equivalent  of  sodium  is  23,  and  its  symbol  Na  (Natrium). 

There  are  two  well-defined  compounds  of  sodium  and  oxygen ;  the 
protoxide,  anhydrous  soda,  NaO,  and  the  binoxide,  KaO,. 

Anhydrous  soda,  ob  pbotoxidb  op  sodium,  NaO,  is  produced 
when  sodium  is  gently  heated  in  dry  air;  the  metal  bums  and  is 
converted  into  a  white  fusible  substance,  resembling  in  every  respect 
the  coiTesponding  compound  of  potassium. 

Hydrate  of  soda,  NaO,HO. — This  substance  is  prepared  in  pmo- 
tioe  by  decomposing  a  somewhat  dilute  solution  of  carbonate  of  soda  by 
hydrate  cf  lime :  Uie  description  of  the  process  employed  in  the  case  of 
hydrate  of  potassa,  and  the  precautions  necessary,  apply  word  for  word 
to  that  of  soda.    ■ 

The  solid  hydrate  is  a  white  fusible  substance,  very  similar  in  pro- 
perties to  hydrate  of  potassa.  It  is  deliquescent,  but  dries  up  again 
after  a  time  in  consequence  of  the  absorption  of  carbonic  acid.  The 
solution  is  highly  alkaline,  and  a  powerful  solvent  for  animal  matter: 
it  is  used  in  large  quantity  for  making  soap. 

The  strength  of  a  solution  of  caustic  soda  maybe  roughly  determined 
from  a  knowledge  of  its  density,  by  the  aid  of  the  following  table 
drawn  up  by  Dr.  Dalton. 


Benrity. 

Perceotage  of 
realauda. 

200     . 

.     77-8 

1-83 

63-6 

1-72     . 

.     53-8 

1-63 

46-6 

1'56     . 

.     41-2 

1-50 

36-8 

1-47     . 

.     34-0 

1-44 

31-0 
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TABLE  OF  PEBOENTAGB  6v  SODA  IN  SOLUTIONS  OF   DIFFERENT 

DENSITY. 

1'40  .         .         29-0 

1-36  .         ,     26-0 

1-32  .         .         230 

1-29  .         .     19-0 

1'23  .         .         16-0 

1-18  .         .     13-0 

1-12  .         .           9-0 

l-OtJ  .         .       4-7 

BiNOXiDE  OF  SODIUM  KaO,. — Sodium  when  heated  to  about  392° 
(200^0)  in  a  current  of  dry  air  absorbs  2  equivalents  of  oxygen,  being 
converted  into  binoxide  of  sodium :  this  substance  is  white  but  becomes 
yellow  when  heated,  which  tint  it  again  loses  on  cooling.  It  is  soluble 
In  water  without  decomposition :  the  solution  may  be  evaporated  under 
the  receiver  of  the  air  pump,  and  when  sufficiently  conceutrated 
deposits  crystalline  plates  having  the  composition  NaO^+SHO.  The 
aqueous  solution  of  binoxide  of  sodium  when  heated  on  the  water-bath 
is  decomposed  into  soda  and  oxygen. 

Carbonate  of  soda,  NaO,COy+10HO.— Carbonate  of  soda  was 
once  exclusively  obtained  from  the  ashes  of  sea-weeds,  and  of  plants, 
such  as  the  ScUsola  soda,  which  grew  by  the  sea-side,  or,  being  culti- 
Tated  in  suitable  localities  for  the  purpose,  were  afterwards  subjected 
to  incineration.  The  barilia,  yet  employed  to  a  small  extent  in  soap- 
making,  is  thu£  produced  in  several  places  on  the  coast  of  >Spain,  as 
Alicante,  Carthagena,  &c.  That  made  in  Brittany  is  called  varec, 
.  Carbonate  of  soda  is  now  manufactured  on  a  stupendous  scale  from 
common  salt,  or  rather  from  sulphate  of  soda,  by  a  process  of  whidi 
the  following  !«  an  outline : — 

A  charge  of  SOOIU.  of  common  salt*  is  placed  upon  the  hearth  of  a 
Well-heated  reveiberatory  furnace,  and  an  equal  weight  of  sulphuric 
add  of  sp.  gr.  1  *  6  pour«l  upon  it  through  an  opening  in  the  roof,  and 
thoroughly  mingled  with  the  salt ;  hydrochloric  acid  gas  is  disengaged, 
which  IS  either  allowed  to  escape  by  the  chimney,  or  condensed  by  suit- 
able apparatus,  and  the  salt  is  converted  into  sulphate  of  soda.  This 
part  of  the  process  takes  for  completion  about  four  hours,  and  requires 
much  care  and  skill. 

The  sulphate  is  next  reduced  to  powder,  and  mixed  with  an  equal 
weight  of  chalk  or  limestone,  and  half  as  much  small  coal,  both  ground 
or  crushed.  The  mixtui-e  is  thrown  into  a  reverberatory  furnace,  and 
heated  to  fusion,  with  constant  stirring ;  2  cwts.  are  about  the  quantity 
operated  on  at  once.    When  the  decomposition  is  judged  complete,  the 

*  Graham.  Elements,  p.  558,  voL  L 
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melted  matter  is  niked  from  the  famace  into  an  iron  trough,  where  it 
is  allowed  to  cool.  When  cold,  it  is  broken  up  into  little  pieces,  and 
lixiviated  with  cold  or  tepid  water.  The  solution  is  evaporated  to  dry- 
ness, and  the  salt  calcined  with  a  little  sawdust  in  a  suitable  furnace. 
The  product  is  the  soda-ash,  or  British  alkali  of  commerce,  which,  when 
of  good  quality,  contains  from  48  to  52  per  cent,  of  pure  soda,  paitlj 
in  ^e  state  of  carbonate,  and  partly  as  hydrate,  the  remainder  being 
chiefly  sulphate  of  soda  and  common  salt  with  oteasiobal  traces  of  sul- 
phite or  hyposulphite,  and  also  cyanide  of«odium.  By  dissolving  soda- 
ash  in  hot  water,  filtering  the  solution,  and  then  allowing  it  to  oool 
slowly,  the  carbonate  is  deposited  in  lai^e  transparent  crystals. 

The  reaction  which  takes  place  in  the  calcination  of  the  sulphate 
with  chalk  and  coal-dust  seems  to  consist,  first,  in  the  conversion  of  the 
sulphate,  of  soda  into  sulphide  of  sodium  by  the  aid  of  the  combustible 
matter,  and,  secondly,  in  the  double  interchange  of  elements  between 
tliat  substance  and  the  carbonate  of  lime. 


Sulph  u  r ^^^_^^  Sulphide  of  calcium. 

Sodium 


Sulphide 
of  sodium 

Carbonate       Lime    \  r\ 
IjT  .        '    1  Oxygen 

( Carbonic  acid  -     "^   Carbonate  of  soda. 

NaS  +  CaO.CO,  ==  CaS  +  NaO,COa, 

The  sulphide  of  calcium  combines  with  another  proportion  of  lime 
to  form  a  peculiar  compound,  which  is  insoluble  in  cold  or  slightly- 
warm  water. 

Oilier  processes  have  been  proposed,  and  even  cai-ried  into  execution, 
but  the  above,  which  was  originally  proposed  by  M.  Leblanc,  is  found 
most  advantageous. 

The  ordinaiy  crystals  of  carbonate  of  soda  contain  ten  equivalents  of 
water ;  but  by  particular  management  the  same  salts  may  be  had  with 
fifteen,  nine,  seven,  equivalents,  or  sometimes  with  only  one.  The 
common  foim  of  the  crystal  is  derived  from  an  oblique  rhombic  prism ; 
they  effloresce  in  dry  air,  and  crumble  to  a  white  powder.  Heated, 
they  fuse  in  their  water  of  crystallization  :  when  the  latter  has  been 
expelled,  and  the  dry  salt  exposed  to  a  full  I'ed-heat,  it  melts  with- 
out undergoing  change.  The  common  crystals  dissolve  in  two  parts 
of  cold,  and  in  less  than  their  own  weight  of  boiling-water:  the  solu- 
tion has  a  strong,  disagreeable,  alkaUne  taste,  and  a  powerfully-aikaline 
reaction. 

Bicarbonate  op  soda,  NaO,CO^-|-HO,00,. — This  salt  is  pre- 
pared by  passing  carbonic  acid  gas  into  a  cold  solution  of  the  neutral 
carbonate,  or  by  placing  the  crystals  in  an  atmusphere  of  the  gas,  whidi 
is  rapidly  absorbed,  while  the  crystals  lose  the  greater  part  of  their 
water,  and  pass  into  the  new  compound. 

Bicarbonate  of  soda,  prepaj-cd  by  either  process,  is  a  crystalline  white 
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powder,  which  cannot  be  re-dis8olv«d  in  warm  water  withont  partial 
deoompodtioD.  It  requires  10  ports  of  water  at  60°  (15°'5C)  for  solu- 
tion :  the  liquid  is  feebly  alkaline  to  test-paper,  and  has  a  much  milder 
taste  than  that  of  the  simple  carbonate.  It  does  not  precipitate  a  solu- 
tion of  magnettia.  Bj  exposure  to  heat,  the  salt  is  converted  into 
neutral  carbonate. 

A  i^esquicarbonate  of  soda,  containing  2NaO,3CO,+4HO,  has  been 
described  hj  Mr.  Phillips :  like  the  sesquicarbonate  of  potaasa,  it  is 
fonoed  only  with  ditficultj.  '  This  salt  occurs  native  on  the  banks  of 
the  soda-lakes  of  Sokena  in  Atrica ;  whence  it  is  eiported  under  the  name 
odrona. 

Alkalimetry  ;  Andlym  of  Hydrates  and  Carbonates  of  the  Alkalis. 
-^The  general  principle  of  these  operations  consists  in  ascertaining  the 
quantity  of  real  alkali  in  a  given  weight  of  the  substance  examined,  by 
finding  how  much  of  the  latter  is  required  to  neutralize  a  known  quan- 
tity of  an  acid,  as  sulphuric  acid. 

The  first  step  is  the  preparation  of  a  stock  of  dilute  sulphuric  acid  of 
determinate  strength  ;  containing,  for  example,  100  grains  of  real  acid 
in  every  1,000  grain-measures  of  liquid:*  a  large  quantity,  as  a  gallon 
or  more,  may  be  prepared  at  once  by  the  following  means.  The  oil  of 
vitriol  is  first  examined :  if  it  be  good  and  of  the  sp.  gr.  1  *  85  or  near 
it,  the  process  is  extremely  simple ;  every  49  grains  of  the  liquid  acid 
contain  40  grains  of  absolute  add ;  the  quantity  of  the  latter  required 
in  the  gallon,  or  70,000  grain-measures  of  dilute  acid,  will  be  of  course 
7,000  grains.  This  is  equivalent  to  8,575  grains  of  the  oil  of  vitriol, 
&r 

Seal  add.       OilofvitroL 

40        :        49         »         7000        :        8575. 

All  that  is  required  to  be  done,  therefore,  is  to  weigh  out  8,575 
grains  of  oil  of  vitriol,  and  dilute  it  with  so  much  water,  that  the  tjux- 
tare,  uAen  cold,  shall  measure  exactly  one  gallon. 

It  very  often  happens,  however,  that  the  oil  of  vitriol  to  be  used  is 
not  so  strong  as  that  above  mentioned  \  in  which  case  it  is  necessary  to 
discover  its  real  strength,  aa  estimated  from  its  saturated  power. 
Pore  anhydrous  carbonate  of  soda  is  prepared  by  heating  to  dull  red- 
ncas,  without  fusion,  the  bicarbonate ;  of  this  salt  53  grains,  or  1  eq., 
oorrespond  to  31  grains  of  soda,  and  neutralize  40  grains  of  real  sul- 
phuric acid. 

A  convenient  quantity  is  carefully  .weighed  out,  and  added,  little  by 
little,  to  a  known  weight,  say  100  grains,  of  the  oil  of  vitriol  to  be 
tried,  dilated  with  four  or  five  times  its  weight  of  water,  until  the 

*  The  capacity  of  1.000  grains  of  distilled  water  at  60P  (150'6C).  Tbe  grain- 
nMMure  of  water  Is  often  found  a  very  coDvenieDt  and  useful  tmit  of  volume 
Id  dieisical  researches.  Vessels  gradnated  on  this  plan  bear  simple  comparison 
^stth  the  Imperial  gallon  and  pint,  and  freqnently  also  enable  the  operator  to 
HMsure  out  a  UquM  of  known  densi^  Insteowl  of  weighing  It. 
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liquid,  after  warming,  liecomes  quite  neutral  to  test-paper.  By  weigb- 
ing  again  the  residue  of  the  carbonate,  it  is  at  once  known  how  naudi 
of  the  latter  has  been  employed :  the  amount  of  real  acid  in  the 
hundred  parts  of  oil  of  vitriol  is  then  easily  calculated.  Thus^  suppose 
the  quantity  of  carbonate  of  soda  used  to  be  105  grains ;  then. 


Csrb.  soda. 
53 


Solpb.  add. 
40         : 


105 


79-24 ; 


79*24  grains  of  real  acid  are  consequently  contained  in  100  grains  of 
oil  of  vitriol ;  consequently, 

79-24        :        100        =        7000        ;        9833-82; 

the  weight  in  grains  of  the  oil  of  vitriol  required  to  make  one  gallon  of 
the  dilute  acid. 

The  *'alkalimiter"  is  next  to  be  constructed.     This  is  merely  a 
1000-grain  measure,  made  of  a  piece  of  even  cylindrical 
^.  1S5.      glass  tube,  about  15  inches  long  and  0*6  inch  internal 
diameter,  closed  at  one  extremity,  and  moulded  into  a 
spout  or  lip  at  the  other.     A  strip  of  paper  is  pasted 
on  the  tube  and  sufTei^  to  drv,  after  which  the  instm- 
ment  is  graduated   by  countei-poisine  it  in  a  nearly- 
upright  position  in  the  pan  of  a  Imlance  of  moderate 
delicacy,  and  weighing  into  it,  in  succession,  100,  200, 
300,  &c.,  grains  of  distilled  water  at  60*>  (15°-5C),  until 
the  whole  quantity,  amounting  to  1,000  grains,  has  been 
introduced,  the  level  of  the  water  in   the  tube  being, 
afler  each  addition,  carefully  marked  with  a  pen  upon 
.tlie  strip  of  paper,  while  the  tube  is  held  quite  upright, 
and  the  mark  made  between  the  top  and  bottom  of  the 
curve  foi-med  by  the  surface  of  the  water.     The  smaller 
divisions  of  the  scale,  of  10  grains  each,  may  then  be  made 
by  dividing  by  compasses  eadi  of  the  spaces  into  ten  equal 
parts.    When  the  gi-aduntion  is  complete,  and  the  operator 
is  satisfied  with  its  aocurncy,  the  marks  may  be  trans* 
ferred  to  the  tube  itself  by  a  sharp  file,  and  the  paper 
removed  by  a  little  warm  water.     The  numbers  ara 
scratched  on  the  glass  with  the  hard  end  of  the  same 
file,  or  with  a  diamond.     When  this  alkalimeter  is  used 
with  the  dilute  acid   described,  every  division  of  the 
glass  will  correspond  to  one  gnin  of  real  sulphuric  acid. 
Let  it  be  required,  by  way  of  example,  to  test  the  commercial  value 
of  soda-ash,  or  to  examine  it  for  scientific  purposes:  50  grains  of  the 
sample  are  weighed  out,  dissolved  in  a  little  warm  water,  and,  if 
necessary,  the  solution  filtered ;  the  alkalimeter  is  then  filled  to  the 
top  of  the  scale  with  the  test-acid,  and  the  latter  poured  from  it  into 
the  alkaline  solution,  which   is  tried  from  time  to  time  with  red 
litmus-pnper.    The  addition  of  acid  must  of  pourse  be  made  very. 
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cuitbusly  as  iientTalisition  advances.  When  the  solation,  after  being 
heated  a  few  minutes,  no  longer  affects  either  bine  or  red  test-paper, 
the  measare  of  liquid  employed  is  read  off,  and  the  quantity  of  soda 
pment  in  the  state  of  carbonate  or  hydrate  in  the  50  grains  of  salt 
foand  by  the  rule  of  proportion.  Suppose  33  measores,  consequently 
33  grains  of  acid,  have  been  taken ;  then 


Salfrikadd. 
40 


Soda. 
31 


=         33 


25-57j 


the  nmple  contains,  therefore,  51*2  per  cent,  of  available  alkali. 

It  will  be  easily  seen  that  the  principle  of  the  process  described 
admitt  of  very  wide  implication,  and  that,  by  the  aid  of  the  alkali- 
meter  and  carefully-prepared  tKt-<icid,  the  hydrates  and  carbonates  of 
potassa,  soda,  and  ammonia,  both  in  the  solid  state  and  in  solution, 
can  be  examined  with  great  ease  and  accuracy*  The  quantity  of  real 
iilkali  in  a  solution  of  caustic  ammonia  may  thus  be  determined,  the 
iequivalent  of  that  substance,  and  the  amount  of  acid  required  to 
neutralize  a  known  weight,  being  inserted  as  the  second  and  third 
tmns  in  the  above  rule-of-three  statement.  Tlie  same  acid  answers 
for  all. 

The  alkalimeter,  represented  in  fig.  155,  is  the  simplest  foim  of 
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facilitated  hj  proriding  the  mensare  with  a  narrow  dropping  tube^ 
fig.  156,  the  lower  extremity  of  which  is  mldered  into  the  measnre, 
whilst  the  upper  one  is  bent  outward  and  sharply  cat  off.  This  kind 
of  burette,  which  is  known  as  Gay-Lussac's,  is  chiefly  used  in  France. 
The  liquid  may  be  very  conveniently  poured  from  it ;  hut  it  is  rather 
easily  broken,  so  that  its  manipuli^on  requires  a  good  deal  of  care. 
This  defect  is  greatly  obviated  in  the  burette,  fis.  157,  in  which  the 

graduated  tube  is  provided  with  a  spout  at  the 
top,  there  being  at  the  same  time  an  orifice  for 
pouring  in  the  liquid. 

A  very  elegant  insti-ument  has  lately  been 
contrived  by  Dr.  Mohr  of  Coblentz.  It  is  a 
graduated  tube,  at  one  end  drawn  out  to  a 
point,  to  which  is  attached,  by  means  of  a  nar- 
row vulcanised  caoutchouc  tube,  a  short  glass 
tube^  likewise  drawn  out  to  a  point,  fig.  158. 
There  is  a  small  »pace  (about  }  inch)  l^tween 
the  two  tubes,  upon  which  is  fixed  a  metallic 
'clamp,  <!,  represented  in  its  actual  dimensions 
^  in  fig.  159.  This  clamp  sliuts  off  the  connec- 
tion between  the  graduated  cylinder  and  the 
small  glass  tube.  But  by  pressing  with  the 
fingers  upon  the  ends,  6  6,  of  this  clamp,  it  opens,  and  allows  the 
liquid  to  fiow  out  of  the  low^  tube.  It  is  evident  that  by  this 
arrangement  the  amount  of  liquid  may  be  regulated  with  the  greatest 
nicety. 

It  is  of^en  desirable,  in  the  analyses  of  carbonates,  to  determine 
directly  the  proportion  of  carbonic  acid :  the  following  methods  leave 
nothing  to  be  desired  in  point  of  precision : — 

A  small  light  glass  flask  of  three  or  four  ounces'  capacity,  with 
lipped  edge,  is  chosen,  and  a  cork  fitted  to  it.     A  piece  of  tube  about 

three  inches  l<Nig  is  drawn  out  at  one  extre- 
mity, and  fitted,  by  means  of  a  small  cork  and 
a  bit  of  bent  tube,  to  the  cork  of  the  flask. 
This  tube  is  filled  with  fragments  of  chloride 
of  calcium,  prevented  from  escaping  by  a  little 
cotton  at  either  end :  the  joints  are  secured 
by  sealing-wax.  A  short  tube,  closed  at  one 
extremity,  and  small  enough  to  go  into  the 
flask,  is  also  provided,  and  the  apparatus  is 
complete.  Fifiy  grains  of  the  carbonate  to  he 
examined  are  car^ully  weighed  out  and  intro- 
duced into  the  flask,  together  with  a  little  water; 
the  small  tube  is  then  filled  with  oil  of  vitriol,  and  placed  in  the  flask  in 
a  nearly-upiight  position,  and  leaning  against  its  side  in  such  a  manner 
that  the  acid  does  not  escape.  The  cork  and  chloride  of  calcium  tube 
are  then  adjusted,  and  the  whole  apparatus  accurately  counterpoised  on 
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the  balance.  This  done,  the  Bask  is  slightly  inclined,  so  that  the  oil 
of  vitriol  may  slowly  mix  with  the  other  substances  and  decompose  the 
carbonate,  the  gas  from  which  escapes  in  a  dry  state  from  the  extremity 
of  the  tube.  When  the  action  has  entirely  ceased,  the  liquid  is  heated 
until  it  boils,  and  the  steam  begins  to  condense  in  the  drying-tube ;  it 
la  then  left  to  cool,  and  weighed,  when  the  loss  indicates  the  onantity 
of  carbonic  acid.  The  acid  must  be 
in  excess  after  the  experiment.  When 
carbonate  of  lime  is  thus  analysed, 
hydrochloric  acid  must  be  substituted 
for  the  oil  of  vitriol. 

Instead  of  the  above  apparatus,  a 
neat  arrangement  may  be  iised,  which 
was  first  suggested  by  Will  and  Fre- 
smins.  It  consists  of  two  small  glass 
flasks,  A  and  B,  the  latter  being  some- 
what  smaller  than  the  former.  Both 
the  flasks  are  provided  with. a  doubly- 
perforated  cork.  A  tube,  open  at 
both  ends,  but  closed  at  the  upper 
extremity  by  means  of  a  small  quan- 
tity of  wax,  passes  through  the  cork  of  A  to  the  very  bottom 
of  the  flask,  whilst  a  second  tube,  reaching  to  the  bottom  of  B, 
establishes  a  communication  between  the  two  flasks.  The  cork  of 
B  is  provided,  moreover,  witli  a  short  tube  d.  In  order  to  ana- 
lyse a  carbonate,  a  suitable  quantity  (fifty  grains)  is  put  into  A, 
tether  with  some  water.  B  is  half  fllled  with  concentrated  sulphuric 
add,  the  apparatus  tightly  fitted  and  weighed.  A  small  quantity  of 
air  is  now  sucked  out  of  flask  B  by  means  of  the  tube  d,  whereby  the 
air  in  A  is  likewise  rarefied.  On  allowing  the  air  to  return,  a  quantity 
of  the  sulphuric  acid  ascends  in  the  tube  c,  and  flows  over  into  flasic 
A^  causing  a  disengagement  of  carbonic  add,  which  escapes  at  df,  after 
having  b^n  perfectly  dried  by  passing  thiH)ugh  the  bottle  B.  This 
operation  is  repeated  until  the  whole  of  the  carbonate  is  decomposed, 
and  the  process  terminated  by  opening  the  wax  stopper,  and  drawing 
a  quantity  of  air  through  the  apparatus.  The  apparatus  is  now  re- 
weighed.  The  difference  of  the  two  weighings  expresses  the  quantity 
of  carbonic  acid  in  the  compound  analysed. 

Sulphate  of  soda,  Glauber's  salt,  NaO,SO,+10HO. — ^This 
is  a  by-product  in  several  chemical  operations :  it  may  of  course  be 
prepared  directly,  if  wanted  pure,  by  adding  dilute  sulphuric  acid,  to 
saturation,  to  a  solution  of  carbonate  of  soda.  It  crystallizes  in  a 
figure  derived  from  an  oblique  rhombic  prism :  the  crystals  contain 
lU  eq.  of  water,  are  efllorescent,  and  undergo  watery  fusion  when 
heated  like  those  of  the  carbonate :  they  are  soluble  in  twice  their 
Weight  of  cold  inmter,  and  rapidly  increase  in  solubility  as  the  tempera- 
ture of  the  liquid  rises  to  91°'4  (33°C),  when  a  maximum  is  reached, 
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100  partfi  of  water  dissolving  117*9  parts  of  the  salt,  corre^poiiding  to 
52  )>art8  anhydrous  sulphate  of  soda.  Heated  beyond  this  point  the 
solubility  diminishes,  and  a  portion  of  sulphate  is  deposited.  A  wajiii 
saturated  solution,  evaporated  at  a  high  temperature,  deposits  opaque 
prismatic  crystals,  which  are  anhydrous.  This  salt  has  a  slightly-bitter 
taste,  and  is  pui^ative.  l^lineral  springs  sometimes  contain  it,  as  that 
at  Cheltenham. 

BisuLPHATE  OF  SODA,  NaO,S08  +  H0,S08  +  3H0.— This  u 
prepared  by  adding  to  10  parts  of  anhydrous  neutral  sulphate,  7  of  oil 
of  vitriol,  evaporating  the  whole  to  dryness,  and  gently  igniting.  The 
bisulphate  is  very  soluble  in  water,  and  has  an  acid  reaction.  It  is  not 
deliqueRoent.  When  very  strongly  heated,  the  fused  salt  gives  up 
anhydrous  sulphuric  acid,  and  becomes  simple  sulphate;  a  change 
which  necessarily  supposes  the  previous  formation  of  a  true  auhydix>us 
bisulphate,  KaO,2SO,. 

Hyposulphite  of  soda,  KaOyS^Og. — There  are  several  modes 
of  procuring  this  salt,  which  is  now  used  in  considerable  quantity  for 
photographic  purposes.  One  of  the  best  is  to  form  neutral  stdpfiite  of 
soda,  by  passing  a  stream  of  well-washed  sulphurous  acid  gas  into  a 
strong  solution  of  carbonate  of  soda,  and  then  to  digest  the  solution 
with  sulphur  at  a  gentle  heat  during  several  days.  By  careful  evapo- 
ration at  a  moderate  temperature  the  salt  is  obtained  in  large  and 
regular  crystals,  which  are  very  soluble  in  water. 

Nitrate  of  soda;  cubic  nitre,  NaO,N05, — Nitrate  of  soda 
occurs  native,  and  in  enormous  quantity,  at  Tarapaca  in  Northern 
Chili,  where  it  foims  a  regular  bed.  of  great  extent,  along  with 
gypsum,  common  salt,  and  i-emains  of  recent  shells.  The  pure  salt 
commonly  crystallizes  in  rhombohedra,  resembling  those  of  calcareous 
spar.  It  is  deliquescent,  and  very  soluble  in  water.  Niti^te  of  soda 
ii  employed  for  making  nitiic  acid,  but  cannot  be  used  for  gunpowder, 
as  the  mixture  bums  too  slowly,  and  becomes  damp  in  the  air.  It 
has  been  lately  used  with  some  success  in  agriculture  as  a  supeiiicial 
manure  or  top-dressing,  and  also  for  preparing  nitrate  of  potassa. 

Phosphates  of  soda  ;  common  tri basic  phosphate,  2NaO, 
HOyPO^-f^'^HO. — This  beautiful  salt  is  prepai-ed  by  precipitating 
the  acid  phosphate  of  lime  obtained  by  decomposing  bone-ash  by 
sulphuric  acid,  with  a  slight  excess  of  carbonate  of  soda  and  evapo- 
rating the  clear  liquid.  It  crystallizes  in  oblique  rhombic  prisms, 
which  are  efflorescent.  The  crystals  dissolve  in  4  parts  of  cold  water, 
and  undergo  the  nqumus  fusion  when  heated.  The  salt  is  bitter  and 
purgative ;  its  solution  is  alkaline  to  test-paper.  Crystals  containing  14 
equivalents  of  water,  and  having  a  form  different  from  that  above 
mentioned,  have  been  obtained. 

A  second  tribasic  phosphate,  sometimes  called  subphosphate, 
3NaO,P05  +  24HO,  is  obtained  by  adding  a  solution  of  caustic  soda 
to  the  pieceding  salt.  The  crystals  are  slender  six-sided  piisms, 
soluble  in  5  paits  of  cold  water.     It  is  decomposed  by  acids,  even 
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carbonic,  but  su£f«r8  no  change  bj  heat,  except  the  loss  of  its  water  of 
crystalHaation.      Its  solution  is  strongly  alkaline.    A  third  tribasic 
l^osphate    often    called    superphosphate  or  biphosphate,  Na0.2H0, 
P0j4"2HO,  may  be  obtained  by  adding  phosphoric  acid  to  the  ordi- 
nary phosphate,  until  it  ceases  to  precipitate  chloride  of  barium,  and 
ezpoang  the  concentrated  solution  to  cold.     The  crystals  are  pris- 
matic, very  soluble,  and  have  an  acid  reaction.     When  strongly  heated, 
the  salt  becomes  changed  into  monobasic  phosphate  of  soda. 
.   Tribasic  phosphate  of  soda,  ammonia,  and  water  ;  microoosmic  salt, 
NaO.NH^O.HOjPO^+SHO. — Six  pai-tsof  common  phosphate  of  soda 
are  heated  with  2  of  water  until  the  whole  is  liquefied,  when  1  part 
of  powdered  sal-ammoniac  is  added ;  common  salt  separates,  and  may 
be  removed  by  a  filter,  and  from'  the  solution,  duly  concentrated,  the 
new  salt  is  deposited  in*  prismatic  crystals,  which   may  be  purified 
by  one  or  two  re-crystallizations.     Microcosmic  salt  is  very  soluble. 
^^Iien  gently  heated,  it  parts  with  the  8  eq.  of  water  of  crystallization, 
snd.  at  a  higher  temperature,  the  water  acting  as  base  is  expelled, 
together  with  the  ammonia,  and  a  very  fusible  compoun-l,  metaphos- 
phate  of  soda,  remains,  which  is  valuable  as  a  flux  in  blowpipe  experi- 
ments   This  salt  occurs  in  decomposed  urine. 

BiBASTC  PHOSPHATE  OP  SODA  ;  PYROPHOSPHATE  OP  SODA^  2NaO, 
P0j,+  10HO. — Prepared  by  strongly  heating  common  phosphate  of 
soda,  dissolving  the  residue  in  water,  and  re-ciystallizing.  The 
crystals  are  very  brilliant,  permanent  in  the  air,  and  less  soluble  than 
the  original  phosphate ;  their  solution  is  alkaline.  A  bi basic  phosphate, 
containing  an  equivalent  of  basic  water,  has  been  obtained  ;  it  does  not, 
however,  crystallize. 

MON'OBASIC  PHOSPHATE  OP  SODA;  METAPH06PHATE  OF  SODA, 
NaOjPOj. — Obtained  by  heating  either  the  acid  tribasic  phasphate, 
or  microcosmic  salt.  It  is  a  transparent  glassy  substance,  fusible  at 
a  dull  red-heat,  deliquescent,  and  very  soluble  in  water.  It  refuses  to 
crystallize,  but  dries  up  into  a  gum-like  mass. 

If  this  glassy  phosphate  be  cooled  very  slowly  it  separates  as  a  beau- 
tifallyH^rystailine  mass.  It  may  be  purified  by  means  of  boiling 
water  from  the  vitreous  metaphosphate  which  will  not  crystallize. 
Another  metaphosphate  has  been  obtained  by  adding  sulphate  of  soda 
to  an  excess  of  phosphoric  acid,  evaporating  and  heating  to  upwards 
of  60(P  (315°*5C),  Possibly  these  severid  metaphosphates  may  be 
rep^sented  by  the  formulae  NaO.POjj  2NaO,2P04;  SNaOjSPOj. 
(Graham.) 

The  tribasic  phosphates  give  a  bright- yellow  precipitate  with  solu- 
tion of  nitrate  of  silver  ;  the  bi  basic  and  monobasic  phosphates  afford 
white  precipitates  with  the  same  substance.  The  salts  of  the  two 
latter  classes,  fused  with  excess  of  carbonate  of  soda,  yield  the  tribasic 
modification  of  the  add^ 

Phosphates  intermediftU  between  the  monobasic  and  bibasic  phos- 
J^es  of  aoda,  3NaO,2P05  and  eNaOjSPOj.— The  fii-st  is  produced 
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by  fusing  100  parts  of  anhydrous  pjrrophosphate  of  soda,  and  76*87 
parts  of  metaphosphate  of  soda.  The  white  crystalline  ma»  is  redaced 
to  powder,  and  quickly  exhausted  with  water.  The  solution  on  ex* 
posure  to  the  atmosplMre  yields  small  plates  which  are  very  soluble  in 
water. 

The  second  is  produced  by  fusihg  100  parts  of  pyrophosphate  of 
soda,  and  307*5  of  metaphosphate  ;  it  crystallizes  with  more  diflScnlty 
than  the  preceding  compound. 

MM.  Fleitmann  and  Henneberg,  the  discorerers  of  these  new  phos- 
phates, represent  the  different  phosphates  thus — 

Common  phoi^phate  ....     6NaO,2P05 
Pyrophosphate      ....         6NaO,3POj 

New  Phosphatea       .        .        .        .|  gj^^o.oPO* 
Metaphosphate      ....         eNaO.GPO^ 


In  each  of  which  six  equiralents  of  the  base  are  combined  with  a 
different  polymeric  acid. 

BiBORATis  OF  SODA;  BORAX,  NflO,2B03  +  lOHO.  —  This  com- 
pound occurs  in  the  waters  of  certain  lakes  in  Thibet  and  Persia :  it  is 
imported  in  a  crude  state  from  the  East  Indies  under  the  name  of 
tinccU.  When  puriBerl  it  constitutes  the  borax  of  commerce.  Mudi 
borax  is  now,  however,  manufactured  from  the  native  boracic  acid  of 
Tuscany,  and  also  from  a  native  borate  of  lime  called  hayesine,  which 
occurs  in  southern  Peru.  Borax  crystallizes  in  six-sided  prisms,  which 
effloresce  in  dry  lur,  and  require  20  parts  of  cold,  and  6  of  boiling 
water  for  solution.  Exposed  to  heat,  the  10  eq.  of  water  of  crystalli- 
zation are  expelled,  and  at  a  higher  temperature  the  salt  fuses,  and 
assumes  a  glassy  appearance  on  cooling:  in  this  state  it  is  much  used 
for  blowpipe  experiment*,  the  metallic  oxides  dissolving  in  it  to  trans- 
parent beads,  many  of  which  are  distinguished  by  characteristic 
colours.  By  particular  management,  crystals  of  borax  can  be  obtained 
with  5  eq.  of  water :  they  are  very  hni^d,  and  permanent  in  the  air. 
Although  by  constitution  an  add  salt,  borax  has  an  alkaline  reactioii 
to  test-paper.  It  is  used  in  the  arts  for  soldering  metals,  its  action 
consisting  in  rendering  the  surfaces  to  be  joined  metallic,  by  dissolving 
the  oxides,  and  it  sometimes  enters  into  the  composition  of  the  glaze 
with  which  stoneware  is  covered. 

Neutral  borate  of  soda  may  be  formed  by  fusing  togetho'  borax 
and  carbonate  of  soda  in  equivalent  pn>portions,  and  then  dissolving 
the  mass  in  water.  The  crystals  are  large,  and  contain  NaO,BO,  -|- 
8H0. 

Sulphide  of  sodtum,  NaS. — Prepai'ed  in  the  same  manner  as  the 
protosulphide  of  potassium :  it  separates  from  a  concentrated  solution 
in  octahedral  crystals,  which  are  rapidly  decomposed  by  contact  with 
the  air  into  a  mixture  of , hydrate  and  hyposulphite  of  soda.     It  forms 


RODiuv.  293 

doable  salphar  salts  with  salpharetted  hfdro^en,  bisulphide  of  carbon, 
and  other  sulphur-adds. 

Sulphide  of  sodium  is  supposed  to  enter  into  the  composition  of  the 
beautitul  pigment  tUtramarins,  prepared  from  the  lapis  lazuli,  and 
whioh  is  now  imitated  hj  artificial  means.  An  intimate  mixture  of 
37  kaolin,  15  sulphate  of  soda,  22  carbonate  of  soda,  18  sulphur,  and 
8  dianxxil,  is  heated  from  twenty-four  to  thii'ty  hours  in  large  crucibles. 
This  product  thus  obtained  is  again  heated  in  cast-iron  boxes  at  a  moderate 
temperatare  till  the  required  tint  of  colour  is  obtained.  After  being  finely 
palTerized,  washed,  and  dried,  it  constitutes  the  ultramai-ine  of  com- 
merce. The  composition  of  this  colour  varies,  and  its  true  constitution 
is  not  known. 

CiiiiORiDEOF  80DIU1I ;  OOIOION  SALT,  NaCl. — ^This  Very  important 
substance  is  found  in  many  parts  of  the  world  in  solid  beds  or  irregular 
strata  of  immense  thickness,  as  in  Cheshire,  for  example,  in  Spain, 
Galicia,  and  many  other  localities.  An  in<}xhau8tible  supply  exists 
also  in  the  waters  of  the  ocean,  and  large  quantities  are  annually 
obtained  from  saline  springs. 

The  rock-salt  is  almost  always  too  impure  for  use:  if  no  natural 
brine-spring  exist,  an  artificial  one  is  formed  by  sinking  a  shafl  into  the 
rock-salt,  and,  if  necessary,  introducing  water.  This  when  saturated 
is  pumped  up,  and  eraporated  moiv  or  less  rapidly  in  large  iron  pans. 
As  the  salt  separates,  it  is  removed  from  the  bottom  of  the  A^essels  by 
means  of  a  scoop,  prised  while  still  moist  into  moulds,  and  then  trans- 
ferred to  the  drying  stove.  When  large  crystals  are  I'equired,  as  for  the 
coarse-grained  bay^alt  used  in  curing  provisions,  the  evaporation  is 
slowly  conducted.  Common  salt  is  apt  to  be  contaminated  with  chloride 
of  magnesium. 

When  pure,  this  substance  is  not  deliquescent  in  moderately-dry 
air.  It  crystallizes  in  anhydrous  cubes,  which  are  often  grouped  to- 
gether into  pyramids,  or  steps.  It  requires  about  2}  parts  of  water 
at  60*^  (15°*  5C)  for  solution,  and  its  solubiUty  is  not  sensibly  increased 
by  heat ;  it  dissolves  to  some  extent  in  ^irit  of  wine,  but  is  nearly 
insoluble  in  absolute  alcohol.  Chloride  of  sodium  fuses  at  a  red-heat, 
and  is  roUtile  at  a  still  higher  temperature.  The  economical  uses  of 
common  salt  are  well  known. 

The  iodide  and  bromide  of  sodium  much  resemble  the  corresponding 
potaasinm-oomponnds :  they  crystallize  in  cubes  which  are  anhydrous, 
and  are  very  soluble  in  water. 


There  is  no  good  precipitant  for  soda,  all  the  salts  being  very  soluble 
with  the  exception  of  antimoniate  of  soda,  the  use  of  which  is  attended 
with  difficulties:  its  presence  is  often  determined  by  purely  negative 
evidence.  The  yellow  colour  imparted  by  soda-salts  to  the  outer  flame 
of  the  blowpipe,  and  to  combustible  matter,  is  a  character  of  some  im- 
portance. The  spectral  phenomena  exhibited  by  sodium-compounds  are 
mentioned  on  p.  69. 


^ 
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AMMONlUlf. 

In  connection  with  the  compounds  of  potassium  and  sodium,  those 
formed  by  ammonia  are  most  conveniently  studied.  Ammoniacal  salts 
correspond  in  every  respect  in  constitution  with  those  of  potassa  and 
soda :  in  all  cases  the  substance  which  replaces  those  alkalis  is  hydrate 
of  ammonia,  or,  as  it  is  now  almost  generally  considered,  the  oxide  of  a 
hypothetical  substance  called  ammonium,  capable  of  playme  the  part  of 
a  metal,  and  isomorphous  with  potajwium  and  sodium.  All  attempts 
to  isolate  this  substance  have  failed,  from  its  tendency  to  separate  into 
ammonia  and  hydrogen  gas. 

When  a  globule  of  mercury  is  placed  on  a  piece  of  moistened  caustic 
potassa,  and  connected  with  the  n^ative  side  of  a  voltaic  battery  of  very 
moderate  power,  while  the  circuit  is  completed  through  the  platinum 
plate  upon  which  the  alluli  rests,  decomposition  of  the  latter  takes 
place,  and  an  amalgam  of  potassium  is  rapidly  formed. 

If  this  experiment  be  now  repeated  with  a  piece  of  sal-ammoniac 
instead  of  hydi-ate  of  potassa,  a  soft,  solid,  metalline  mass  is  also  pro- 
duced, which  has  been  called  tlie  ammoniacal  amalgam,  and  considered 
to  contain  ammonium  in  combination  with  mercury.  A  still  simpler 
method  of  preparing  this  extraordinary  compound  is  the  following : — 
A  little  mercury  is  put  into  a  test-tube  with  a  grain  or  two  of  pota»- 
slum  or  sodium,  and  gentle  heat  applied  ;  combination  ensues,  attended 
by  heat  and  light.  When  cold,  the  fluid  amalgam  is  put  into  a  capsule^ 
and  covered  with  a  strong  solution  of  sal-ammoniac.  The  production 
of  an  ammoniacal  amalgam  instantly  commences,  the  mercury  increases 
prodigiously  in  volume,  and  becomes  quite  pasty.  The  increase  of 
weight  is,  however,  quite  trifling :  it  varies  from  -j^  \o  i^J^q  part. 

Lefl  to  itself,  the  amalgam  quickly  decomposes  into  fluid  mercury, 
ammonia,  and  hydrogen. 

It  is  difficult  to  offer  my  opinion  concerning  the  real  nature  of  this 
compound :  something  analogous  occurs  when  pure  silver  is  exposed  to 
a  very  high  temperature,  much  above  its  melting-point,  in  contact  with 
air  or  oxygen  gas:  the  latter  is  absorbed  in  very  large  quantity, 
amounting,  according  to  the  observation  of  Gay-Lussac,  to  20  times 
the  volume  of  the  silver,  and  is  again  disengaged  on  lessening  the  heat. 
The  metal  loses  none  of  its  lustie,  and  is  not  sensibly  altered  in  other 
respects. 

The  great  argument  in  favour  of  the  existence  of  ammonium  is 
founded  on  the  perfect  comparison  which  the  ammoniacal  salts  bear 
with  those  of  the  alkaline  metals. 

The  equivalent  of  ammonium  is  18 ;  its  symbol  is  NH^. 

Chloride  of  ammonium;  sal-ammoniac,  NH^Cl. — Sal-ammo- 
niac was  formerly  obtained  from  Egypt,  being  extracted  by  sublimation 
from  the  soot  of  camels'  dung :  it  is  now  laiqgely  manufactured  from 
the  ammoniacal  liquid  of  the  gas-works,  and  from  the  condensed  products 


AMMONIUH.  295 

of  the  distiPatioQ  of  bones,  and  other  animal  refuse,  in  tiie  preparation 
of  animal  charcoal. 

Th«se  impun^  and  highlf-offensive  solutions  are  treated  with  a  slight 
eicess  of  hydrodiloric  acid,  bj  which  the  free  alicali  is  neutralized,  and 
the  carbonate  and  sulphide  decomposed  with  evolution  of  carbonic  acid 
and  sulphuretted  hydrogen  gases.  The  liquid  is  evaporated  to  dryness, 
and  the  salt  carefully  heated,  to  expel  or  decompose  the  tarry  matter ; 
it  is  then  puriBed  by  sublimation  in  large  iron  vessels  lined  with  clay, 
surmounted  with  domes  of  lead. 

Sublimed  sal-ammouiac  has  a  fibrous  texture :  it  is  tough,  and  diffi* 
cult  to  powder. 

When  crystallized  from  water  it  separates,  under  favourable  circum- 
stances, in  di:»tinct  cubes  or  octaliedra ;  but  the  crystals  are  usually 
small,  and  aggregated  together  in  rays.  It  has  a  sharp  stiline  taste, 
and  is  soluble  in  2'^  parts  of  cold,  in  a  much  smaller  quantity  of  hot 
water.  By  heat,  it  is  sublimed  without  decomposition.  The  crystals 
are  anhydrous.  Chloride  of  ammonium  forms  double  ^alts  with  the 
dilorides  of  magnesium,  niclcel,  cobalt,  manganese,  zinc,  and  copper. 

Sulphate  of  oxide  of  ammonium;  sulphate  op  ammonia, 
NH^0,S03. — Piepared  by  neutralizing  carbonate  of  ammonia  by  sul- 
phuric acid,  or  on  a  large  scale,  by  adding  sulphuric  acid  in  excess 
to  the  coal-gas  liquor,  just  mentioned,  and  purifying  the  product  by 
suitable  means.  It  is  M>lub]e  in  2  parts  of  cold  water,  and  crystallizes 
in  long,  flattened,  six-sided  prisms.  It  is  entirely  decomposed, 
and  driven  off  by  ignition,  and,  even  to  a  certjiin  extent,  by  long 
boiling  with  water,  ammonia  being  expelled  and  the  liquid  rendered 
acid. 

Cabbonates  of  ammonia. — These  compounds  have  been  carefully 
examined  by  Profeivor  Rose,  of  Berlin,  and  appear  to  be  very  numerous. 
The  neutral  anhydrow  carbonate^  NH^CO,,  is  prepared  by  the  direct 
union  of  carbonic  acid  with  ammoniacal  gas,  both  being  carefully  dried 
and  cooled.  The  gases  combine  in  the  proportions  of  one  measure  of 
the  first  to  two  of  the  second,  and  give  rise  to  a  pungent,  and  very 
volatile  compound,  which  condenses  in  white  flocks.  It  is  very  soluble 
in  water.  The  pungent,  tnuLsparent,  carbonate  of  ammonia  of  phar- 
macy, which  is  prepared  by  subliming  a  mixture  of  sal-ammoniac  and 
chalk,  always  contains  less  base  than  that  required  to  form  a  neutral 
carbonate.  Ita  composition  varies  a  good  deal,  but  in  fi'eshly-pi'epared 
q>ecimens  approaches  that  of  a  sesquicarbonate  of  oxide  of  ammonium, 
2KH40,3CO,. — When  heated  in  a  retort,  the  neck  of  which  dips  into, 
mercury,  it  is  decomposed,  with  disengagement  of  pure  carbonic  acid, 
into  neutjal  hyditited  carbonate  of  ammonia,  and  several  other  com- 
pounda.  Exposed  to  the  aiv  at  common  temperatures,  it  disengagea 
neutral  carbonate  of  ammonia,  loses  its  pungency,  and  crumbles  down 
to  a  soft,  white  powder,  which  is  a  bicarbonate,  containing  NH40,CO,4- 
HOyCO^.  This  is  a  permanent  combinatiou,  although  still  volatile. 
When  a  sti'ong  solution  of  the  oommercial  sesquicarbonate  is  made  with 


296  AUMONIUM. 

tepid  water,  and  filtered,  warm,  into  a  close  vessel,  lai^  and  regvlar 
crystals  of  bicarbonate,  having  the  above  composition,  are  sometimes 
deposited  after  a  few  days.  These  are  inodorous,  quite  permanent  in 
the  air,  and  resemble,  in  the  closest  manner,  crystals  of  bicarbonate  of 
potassa. 

Nitrate  of  ammonia,  KH40,N0f,  is  easily  prepared  by  adding 
carbonate  of  ammonia  to  slightly-diluted  nitric  add  until  neutraliza- 
tion has  been  readied.  By  slow  evaporation  at  a  moderate  tempera- 
ture it  crystallizes  in  six-sided  prisms,  like  those  of  nitrate  of  potassa ; 
but,  as  usually  prepared  for  making  nitious  oxide,  by  quick  boiling, 
until  a  portion  solidifies  completely  on  cooling,  it  forms  a  fibrous  and 
indistinct  ciystaliine  mass. 

Nitrate  of  ammonia  dissolves  in  two  parts  of  cold  water,  producing 
considerable  depression  of  temperature,  is  but -feebly  deliquescent,  and 
deflagrates  like  nitre  on  oontact  with  heated  combustible  matter.  Its 
decomposition  by  heat  has  been  already  explained.* 

Sulphides  of  ammonium. — Several  of  these  compounds  exist,  and 
may  be  formed  by  distilling  with  sal-ammoniac  the  corresponding  sul- 
phides of  potassium  or  sodium. 

The  double  sulphide  of  ammontum  and  hydrogen,  NH^S-j-HS, 
commonly  called  hydrosulphate  of  ammonia,  or,  moie  correctly,  hy- 
drosulphate  of  suIfAiide  of  ammonium,  is  a  compound  of  great  pi-actical 
utility :  it  is  obtained  by  saturating  a  solution  of  ammonia  with  well- 
washed  sulphuretted  hydrogen  gas,  until  no  more  of  the  latter  is  ab- 
sorbed. The  solution  is  neaily  colourless  at  first,  but  becomes  yellow 
after  a  time,  without,  however,  sufieiing  mateiial  injury,  unless  it  has 
been  exposed  to  the  air.  It  gives  precipitates  with  most  metallic  solu- 
tions, which  are  very  often  characteristic,  and  is  of  great  service  to 
analytical  chemistry. 


When  dry  ammoniacal  gas  is  bronght  in  contact  with  anhydi-ous 
sulphuric  acid,  a  white  crystalline  compound  is  produced,  which  is 
soluble  in  water,  in  a  freshly-prepared  cold  solution  of  this  substance 
neither  sulphuric  acid  nor  ammonia  can  be  found  ;  but  after  standing 
some  time,  and  especially  if  heat  be  applied,  it  passes  into  ordinary 
sulphate  of  ammonia. 

A  compound  of  dry  ammoniacal  gas  and  sulphurous  acid  also  exists : 
it  is  a  yellow  soluble  substance,  altogether  distinct  from  sulphite  of 
ammonia.  Dry  carbonic  add  and  ammonia  also  unite  to  form  a  vola- 
tile white  powder,  as  already  mentioned. 

When  certain  nits,  espedaliy  dilorides  in  an  anhydrous  state,  are 
exposed  to  ammoniacal  gas,  the  latter  is  absorbed  with  great  aiergy, 
and  the  combinations  formed  are  not  always  easily  decomposed  by  heat. 
The  chlorides   of  calcium,  zinc,  copper,  and  bilver  absorb,  in  this 

•  Page  160. 
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manner,  large  quantities  of  the  gaa.  All  tbese  componnds  must  be 
canfaUy  distinguished  from  the  true  ammoniacal  salts  containing 
ammonium  or  its  oxide. 


There  is  supposed  to  be  yet  another  compound  of  hydrogen  and 
nitrogen  to  which  the  term  amidogen  has  been  given.  When  potassium 
is  heated  in  the  vapour  of  water,  this  substance  is  decomposed,  hy- 
drogen is  evolved,  and  the  metal  converted  into  oxide.  When  the  same 
experiment  is  made  with  dry  ammoniacal  gas,  hydrogen  is  also  set  free, 
and  an  olive-green  crystalline  compound  produced,  supposed  to  contain 
potassium  in  union  witli  a  new  body,  NHg,  having  an  equivalent  of 
hydrt^n  less  than  ammonia. 

When  ammonia  is  added  to  a  solution  of  corrosive  sublimate,  a  white 
precipitate  is  obtained,  which  has  been  long  known  in  pharmacy.  Sir 
H.  Kane  mfers,  from  his  experiments,  tliat  this  substance  should  be 
looked  upon  as  a  compound  of  chloride  of  mercury  with  amide  of 
mercury.  The  latter  salt  has  not  been  obtained  separately ;  still  less 
has  amidogen  iUelf  been  isolated. 

It  has  been  thought  that  ammonia  may  be  considered  an  amide  of< 
hydrogen,  analogous  to  water  or  oxide  of  hydrogen,  capable  of  entering 
into  combination  with  salts  aud  other  substanoes  in  a  similar  manner, 
yielding  unstable  and  easily-decomposed  compounds,  which  ofier  a 
great  contrast  to  those  of  the  i  energetic  quasi  metal  ammonium :  the 
views  of  chemists  upon  this  suoject  are,  however,  still  divided. 


The  ammoniacal  salts  are  easily  recognized :  they  are  all  decom- 
posed or  volatilized  by  a  high  temperature;  and  when  heated  with 
hydrate  of  lime,  or  solution  of  alkaline  carbouate  evolve  ammonia, 
which  may  be  known  by  its  odour  and  alkaline  i^eaction.  The  salts 
are  all  more  or  less  soluble,  the  acid  tartrate  of  ammonia  and  the 
double  chloride  of  ammonium  and  platinum  being  among  the  least  so ; 
hence  the  salts  of  ammonia  cannot  be  distinguished  from  those  of 
potassa  by  the  tests  of  tartaric  acid  and  platinum-solution. 


LITHIUH 

Lithiimi  is  obtained  by  fusing  pure  chloride  of  lithium  in  a  small 
thick  porcelain  crucible,  and  decomposing  the  fused  cliloride  by 
electricity.  It  is  a  white  metal  like  sodium,  and  very  oxidizable. 
Lithium  fuses  at  356®  (180®C) :  its  specific  gravity  is  0*59,  and  it  is, 
therefore,  the  lightest  solid  known.  The  equivalent  of  lithium  is  7, 
and  its  symbol  Li. 

The  oxide,  lithia,  LiO,  is  found  in  petalite,  spodnmene,  lepidolite, 
triphylline,  and  a  few  other  minerals,  and  sometimes  occurs  in  minute 
quantities  in  mineral  springs.     From  petalite  it  may  be  obtained,  on 
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the  BDiall  scale,  by  the  following  process : — ^The  xnineral  w  reduced  to 
an  exceedingly  jfine  powder,  mixed  with  five  or  six  times  its  weight  of 
pare  carbonate  of  lime,  and  the  mixture  heated  to  whiteness,  in  a 
platinum  craciblef  placed  within  a  well-oorered  earthen  one,  for  twenty 
minutes  or  half  an  hour.  The  shrunken  coherent  mass  is  digest?d  io 
dilute  hydrochloric  acid,  the  wh^le  evaporated  to  dryness,  uddulatai 
water  added,  and  the  silica  separated  by  a  filter.  The  solution  is  then 
mixed  with  carbonate  of  ammonia  in  excess,  boiled,  and  filtered ;  the 
clear  liquid  is  evaporaT«d  to  diyness,  and  gently  heated  in  a  platiuuni 
crucible,  to  expel  the  sal-ammoniac.  The  residue  is  then  wetted  with 
oil  of  vitriol,  gently  evaporated  once  more  to  dryness,  and  ignited : 
pure  fused  sulphate  of  lithia  remains. 

This  process  will  serve  to  give  a  good  idea  of  the  general  nature  of 
the  operation  by  which  alkalis  are  extracted  in  mineitU  analysis,  and 
their  quantities  deteimined. 

The  hydrate  of  lithia  is  much  less  soluble  in  water  than  those  of 
potasj&a  and  soda;  the  carbonate  and  phosphate  are  also  sparingly 
soluble  salts.  The  chloride  crystallizes  in  anhydrous  cubes  which  oie 
deliquescent.  Sulphate  of  lithia  is  a  very  beautiful  salt:  it  crystallizes 
In  lengthened  prisms  containing  one  equivalent  of  water.  It  gives  no 
double  salt  with  sulphate  of  alumina. 

The  salts  of  lithia  colour  the  outer  flame  of  the  blowpipe  caiinine- 
red.  The  specti-al  phenomena  exhibited  by  lithium  con)]^x)unds  are 
mentioned  on  page  69.  ( 

CAESIUM  AND  RUBIDIUM. 

The  two  metals  designated  by  these  names  were  discovered  bj 
Bunsen  and  Kirchhotf  by  means  of  their  spectrum  apparatus  men- 
tioned on  p.  69:  the  former  in  1860  and  the  latter  in  1861.  These 
metals,  it  appears,  are  widely  diffused  in  nature,  but  always  occur  in 
very  small  quantities ;  they  have  been  detected  in  many  mineral 
yfnUfh  as  well  as  in  some  minerals :  lithia-mica,  lepidolite,  petalite, 
and  lately  also  in  felspar ;  they  have  also  been  found  in  the  alkiline 
ashes  of  the  beet-rootl  The  brine  of  Diiikheim  has  up  .to  the  prcaeut 
moment  been  the  richest  source  of  caesium.  The  best  material  for  the 
pi-eparation  of  rubidium,  is  lepidolite,  which  has  been  found  to  contain 
as  much  as  0*2  per  cent,  of  that  metal.  Both  metals  are  quite 
analogous  to  potassium  in  their  deportment,  and  cannot  be  dis- 
tinguished from  that  metal  or  from  one  another,  either  by  rei^ents  or 
before  the  blowpipe. 

Rubidium  and  caesium,  like  potassium,  form  double  salts  with 
bichloride  of  platinum,  which  are,  however,  much  more  insoluble 
than  the  corresponding  potassium  salt :  it  is  on  this  property  that  the 
separation  of  these  metals  from  potassium  is  based.  The  mixture  of 
platinum  double  salts  is  repeatedly  extracted  with  boiling  water  when 
a  difficultly  soluble  residue,  consisting  chiefiy  of  the  platinum  double 
salts  of  caesium  and  rubidium,  remains. 
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The  hydrated  oxides  of  these  new  metals  are  powerful  bases,  which 
attract  carbonic  acid  from  the  sir  passing  first  into  the  carbonate  and 
then  into  the  bicarbonate.  Carbonate  of  caesium  is  soluble  in  absolute 
alcohol :  carbonate  of  rubidium  being  nearly  insoluble  in  that  liquid  : 
this  property  is  made  use  of  for  the  separation  of  these  two  metals. 
The  chlorides  crystallize  in  cubes,  and  are  somewhat  more  soluble  in 
water  than  chloride  of  potassium. 

Chloride  of  rubidium,  when  in  a  state  of  fusion,  is  easily  decom- 
posed by  the  electric  current;  the  metal  produced  rises  to  the  surface 
and  bams  with  a  reddish  light.  If  this  experiment  be  performed  in 
an  atmosphere  of  hydrogen  to  prevent  oxidation,  the  separated  metal 
is  nerertheless  lost,  dissoU'ing  as  it  does  in  the  fused  chloride  which 
is  transformed  into  a  subchloride  having  the  blue  colour  of  smalt. 
Knbidium,  when  separated  under  mercury  by  the  electric  current, 
forms  a  crystalline  amalgam  of  silvery  lustre,  which  is  rapidly 
oxidized  by  the  air,  and  decomposes  water  in  the  cold.  Chloride  of 
caesiam,  under  the  influence  of  the  electric  current,  exhibits  exactly 
the  same  deportment  as  chloride  of  rubidium.  Rubidium  is  electro- 
posItiTe  towards  potassium.  Caesium  is  electro-positive  towaids 
rubidiom  and  pot'usinm,  and  thus  constitutes  the  most  electro-posi* 
tire  member  of  the  elements. 

The  equivalent  of  caesium  is  123*4 :  its  symbol  is  Cs. 

The  equivalent  of  rubidium  is  85*4 :  its  symbol  is  Kb. 
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SECTION  ir. 

METALS  OP  THE   ALKALINE  EABTBS. 


BARIUM. 


Barium  was  obtained  by  Sir  H.  Davy  by  means  similar  to  those 
meotioned  in  the  caxe  of  lithium :  it  is  procured  more  advantageously 
by  strot^iy  heating  baryta  in  an  iron  tube,  through  which  the  vapour 
of  potassium  is  oonvey»l.  The  i^uced  barium  is  extracted  by  quick- 
silver, and  the  amalgam  distilled  in  a  small  retort  of  hard  glass. 

Barium  is  a  white  metal,  having  the  colour  and  lustre  of  silver :  it 
is  malleable,  melts  below  a  red-heat,  decomposes  water,  and  gradually 
oxidizes  in  the  air. 

The  equivalent  of  this  metal  has  been  fixed  at  68*5:  its  symbol  is 
Ba. 

Protoxide  op  barium  ;  baryta,  BaO.  —  Baryta,*  or  barytea, 
occurs  in  nature  in  considerable  abundance  as  carbonate  and  sulphate, 
forming  the  veinstone  in  many  lead-mines :  fh)ra  both  these  soui-ces  it 
may  be  extnu;ted  with  facility.  The  best  method  of  preparing  pure 
baryta  is  to  decompose  the  crystallized  nitrate  by  heat  in  a  capacious 
crucible  of  porcelain  until  red  vapours  are  no  longer  disengaged :  the 
nitric  acid  is  resolved  into  nitrous  acid  and  oxygen,  and  the  baryta 
remains  behind  in  the  form  of  a  grayish  spongy  mass,  fusible  at  a  high 
degree  of  heat.  When  nwistened  with  water  it  combines  into  a  hydrate 
with  great  elevation  of  temperature. 

Hydrate  of  baryta,  BaO,HO. — ^This  compound  is  prepared  od 
a  large  scale  by  decomposing  a  hot  concentrated  solution  of  chloride  of 
barium  with  a  solution  of  caustic  soda ;  on  cooling  ciystals  of  hydrate 
of  baryta  are  deposited,  which  may  be  purified  by  recrystallization.  In 
the  laboratory  hydrate  of  baryta  is  often  prepared  by  decomposing 
sulphide  of  barium  with  bUck  oxide  of  copper.  (See  sulphide  of  barium.) 
The  crystals  of  hydrate  of  baryta  contain  BaO,HO+dHO ;  they  fiiae 
easily,  az\d  lose  when  strongly  heated  their  water  of  crystallization. 

The  hydrate  is  a  white,  Mft  powder,  having  a  great  attraction  for 
carbonic  acid,  and  soluble  in  20  parts  of  cold  and  2  of  boiling  water. 
Solution  of  hydrate  of  baryta  is  a  yaluable  reogent:  it  is  highly 
alkaline  to  test-paper,  and  instantly  rendered  turbid  by  the  smallest 
trace  of  carbonic  acid. 

BiNOXiDE  OF  BARIUM,  BaO,. — This  may  be  fof-med,  as  already 
mentioned,  by  exposing  baryta,  heated  to  full  mdneffi  in  a  porcelain 

*  From  /iopi^,  heavy,  In  allnsion  to  the  great  q>eciflc  gravity  of  the  native 
carbonate  and  sulphate. 
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tube,  to  a  current  of  pure  oxygen  gas.     The  bioozide  is  gnjf  and 
forms  a  white  hydrate  with  water,  which  is  not  decumpoeed  bj  that 
liquid  in  the  oold,  but  dinaolTee  in  bihaII  quantity.     Hydrate  of  baryta, 
when  heated  to  redness  in  a  current  of  dry  atmospheric  air,  loses  its 
water,  and  is  by  absorption  of  oxygen  converted  into  binozide  of  barium, 
from  which  the  second  equivalent  of  oxygen  may  be  expelled  at  a 
higher  temperatuie.     M.  Boussingault  has  proposed  to  utilize  these 
reactions  for  the  preparation  of  oxygen  upon  a  lai-ge  scale.  The  binozide 
may  also  be  made  by  heating  pure  baryta  to  redness  in  a  platinum  cru- 
cible, and  then  gradually  adding  an  equal  weight  of  chlorate  of  potasNi ; 
bitxaide  of  barium  and  chloride  of  potassium  are  produced.    The  latter 
may  be  eztracted  by  cold  water,  and  the  binozide  left  in  the  state  of 
hydrate.     It  is  interesting  chiefly  in  its  relation  to  binozide  of  hydro- 
gen.   When  dissolved  in  dilute  acid,  it  is  decomposed  by  bichromate  of 
potaraa,  ozide  of  silver,  chloride  of  silver,  sulphate  and  carbonate  of  silver. 
Chloride  of  barium,  BaCl+2H0.— This  valuable  salt  is  pre- 
pared by  dissolving  the  native  caibonate  in  hydrochloric  acid,  filtering 
the  solution,  and  evaporating  until  a  pellicle  begins  to  form  at  the  sur- 
&ce:  the  solution  on  cooling  deposits  crystals.     When  native  carbo- 
nate cannot  be  procured,  the  native  sulphate  may  be  employed  in  the 
following  manner: — ^The  sulphate  is  reiiuced  to  fine  powder,  and  in- 
timately mized  with  one-third  of  its  weight  of  ]iowdered  coal;  the 
mixtare  is  pressed  into  an  earthem  crucible  to  which  a  cover  is  Htted, 
and  ezposed  for  an  hour  or  more  to  a  high  red-heat,  by  which  the  sul- 
phate is  converted  into  sulphide  at  the  ezpense  of  the  combustible 
Blatter  of  the  coal.     The  black  mass  obtained  is  powdered  and  boiled 
in  wat^,  by  which  the  sulphide  is  dissolved ;  the  solution  is  filtered 
not,  and  mized  with  a  slight  ezcess  of  hydrochloric  acid ;  chloride  of 
barium  and  sulphuretted  hydrogen  are  produced  ;  the  latter  escaping 
with  effervescence.     Lastly,  the  solution  is  filtered  to  separate  any 
little  insoluble  matter,  and  evaporated  to  the  crystallizing  point. 

The  crystals  of  chloride  of  barium  are  flat,  four*sided  tables,  colour- 
less and  transpai'ent.  They  contain  2  equivalents  of  water,  easily 
driven  off  by  heat ;  100  parts  of  water  dissolve  43  *  5  parts  at  60° 
(15° -50),  and  78  parts  at  220°  (104° -50),  which  is  the  boiling-point 
of  the  saturated  solution. 

Nitrate  of  baryta,  BaO,NOj.  —  The  nitrate  is  prepared  by 
methods  ezactly  similar  to  the  above,  nitric  acid  being  substituted  for 
the  hydrochloric.  It  crystallizes  in  transparent  colourless  bctahedra, 
which  are  anhydrous.  They  require  for  solution  8  parts  of  cold,  and 
3  parts  of  boiling  water.  This  salt  is  much  less  soluble  in  dilute 
nitric  acid  than  in  pure  water:  errors  sometimes  arise  from  such  a 
precipitate  of  crystalline  nitrate  of  baryta  being  mistaken  for  sulphate. 
It  disappears  on  heating,  or  by  large  alfusion  of  water. 

SCLPHATE  OF  BARYTA;  HEAVY-6PAR;  BaCSOg.— Found  native, 
oueu  beautifully  cryAtallized.  This  compound  is  always  produced 
when  sulphuric  acid  or  a  soluble  sulphate  is  mized  with  a  solution  of 
a  barytic  salt.     It  is  not  sensibly  soluble  in  water  or  in  dilute  acids : 
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eren  in  nitric  it  Js  almost  insoloble:  hot  oil  of  Titriol  disnolTes  a 
little,  but  the  greater  part  separates  again  on  cooling.  Sulphate  of 
baryta  is  used  as  a  pigment,  but  often  for  the  purpose  of  adulteratiiig 
white-lead ;  the  native  salt  is  ground  to  fine  powder  and  washed  with 
.dilute  sulphuric  acid,  by  which  its  colour  is  improved,  and  a  little  oxide 
of  iron  probably  dissolved  out.  The  speci6c  gravity  of  the  natural 
sulphate  is  as  high  as  4  *  4  to  4 '  8.  Sulphate  of  baryta  is  now  produoed 
artificially  on  a  large  scale ;  it  is  used  as  a  substitute  for  white* lead  in 
the  manufacture  of  oil-paints.  The  sulphate  of  baryta  to  be  used  Ibr 
this  purpose  is  precipitated  fix>m  very  dilute  solutions:  it  is  known  in 
commerce  as  biancfixe.  Powdered  native  sulphate  of  baiTta  being 
rather  crystalline  has  not  sufiident  body.  For  the  production  of  sul- 
phate, the  chloride  of  liaiium  is  first  prepared,  which  is  dissolved  in  a 
large  quantity  of  water,  and  then  pi^ecipitated  bj  dilute  sulphuric 
acid. 

SuXPHTDE  OP  BARIUM,  BaS. — ^The  protosnlphide  of  barium  is 
obtaincKi  in  the  manner  ali-eady  described ;  the  higher  sulphides  maj 
be  formed  by  boiling  this  compound  with  sulphur.  Pititosulphide  of 
barium  crystallizes  in  thin  and  nearly  colourless  plates  from  a  hot 
solution,  which  contain  water,  and  are  not  very  soluble:  they  are 
rapidly  altered  by  tlie  air.  A  strong  solution  of  sulphide  may  be 
employed  in  the  preparation  of  hydrate  of  baryta,  by  boiling  it  with 
small  successive  portions  of  black  oxide  of  copper,  until  a  drop  of  the 
liquid  cpaoes  to  precipitate  a  salt  of  lead  black;  the  liquid  being  fil- 
tered, yields  on  cooling  crystals  of  hydmte.  In  this  reaction,  besides 
hydrate  of  baryta,  hyposulphate  of  that  bnse,  and  sulphide  of  copper  are 
produced ;  the  latter  is  insoluble,  and  is  removed  by  the  ^tef,  while 
most  of  the  hyposulphate  remains  in  ihe  mother-liquor. 

Carbonate  of  baryta,  BaOjCOc. — ^The  natural  carbonate  fs 
called  xcitherite ;  the  artificial  is  formed  by  precipitating  the  chloride 
or  nitrate  with  an  alkaline  carbonate,  or  carbonate  of  ammonia.  It  is 
a  heavy,  white  powder,  very  sparingly  soluble  in  water,  and  chieflj 
useful  in  the  preparation  of  the  nu-er  baryta-salts. 


Solutions  of  hydrate  and  nitrate  of  baryta  and  of  chloride  of  barimn 
are  constantly  kept  in  the  laboratoiy  as  chemical  tests,  the  first  being 
employed  to  effect  the  separation  of  carbonic  acid  from  certain  gaseous 
mixtureS|  and  the  two  latter  to  precipitate  sulphuric  acid  from  solution. 

The  soluble  salts  of  baryta  are  poisonous,  which  is  not  the  case  with 
those  of  the  base  next  to  be  described. 

STRONTIUM. 

The  metal  strontium  may  be  obtained  from  its  oxide  hj  means 
similar  to  those  described  in  the  case  of  barium :  it  is  a  white  metal, 
heavy,  oxidizable  in  the  air,  and  capable  of  decomposing  water  at 
common  temperatures.    Matthie^sen  states  that  the  metal  has  a  dark- 
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yellow  colour,  Ite  specific  grarity  is  2 •54.  He  prepared  it  \)y  filling 
a  gmall  crucible  hairing  a  poixtus  cell  with  tlie  anhydrous  chloride 
of  stroDtium  mixed  with  some  chloride  of  ammoDJum,  so  that  the  level 
of  the  fused  chloride  in  the  cell  is  much  higher  than  in  the  crucible* 
The  negative  pole  placed  in  the  cell  consists  of  a  rery  fine  iron  wire* 
The  po^itive  pole  is  an  iron  cylinder  placed  in  the  crucible  round  the 
cell.  The  heat  is  regulated  so  that  a  crust  forms  in  the  cell,  and  the 
metal  collects  under  this  crust. 
The  equivalent  of  strontium  is  43*8,  and  its  symbol  is  Sr. 
Protoxide  op  strontium  ;  strontia  ;  SrO. — This  compound  is 
best  prejared  by  decomposing  the  nitrate  by  the  aid  of  heat :  it  re- 
sembles in  almost  every  particular  the  earth  baryta,  forming,  like  that 
sobstance,  a  white  hydrate,  soluble  in  water.  A  hot  saturated  solution 
deposits  crystals  on  cooling,  which  contain  SrO,HO+8HO  :  heated  to 
a  dull  redness  they  lose  the  whole  of  their  water,  anhydrous  strontia 
being  lefU     The  hydrate  has  a  great  attraction  for  carbonic  acid. 

BiNOXiDE  OF  STRONTIUM,  biO,. — The  binoxide  is  prepared  in  the 
same  manner  as  binoxide  of  barium :  it  may  be  substituted  for  the 
latter  in  making  binoxide  of  hydrogen. 

The  native  carbonate  and  sulphate  of  strontia  serve  for  the  prepai*a- 
tion  of  the  various  salts  by  means  exactly  similar  to  those  ali*eady 
described  in  the  case  of  baryta:  they  have  a  very  feeble  degree  of 
solubility  in  water. 

CHiiORiUE  OF  STRONTIUM,  SiOl. — The  chloride  crystallizes  in 
colourless  neeclles  or  prisms,  which  are  slightly  deliquescent,  and 
soluble  in  2  parts  of  cold  and  still  less  of  boiling  water  :  they  are  also 
soluble  in  alcohol,  and  the  solution,  when  kindled,  bums  with  a  crim* 
eon  flame.  The  crystals  contain  6  equivalents  of  water,  which  they 
lose  by  heat :  at  a  higher  tem}ierature  the  chloride  fuses. 

Nitrate  of  strontia,  SrO,  NO,. — This  salt  crystallizes  in  anhy- 
droQs  octihedra,  which  require  for  solution  5  parts  of  cold,  and  about 
half  their  weight  of  boiling  water.  It  is  principally  of  value  to  the 
pyrotechnist,  who  employs  it  in  the  composition  of  the  well-known 
"red-tire."» 

The  spectral  phenomena  exhibited  by  strontium  compounds  are 
mentioned  on  page  69. 

CALCIUM. 

This  is  a  silver-white  and  extremely  oxidizable  metal,  obtained  with 
gi^t  difficulty  by  means  analogous  to  tl)ose  by  which  barium  and 


•  Ren-FfRK:— 

Qms. 

OllRRV-FlRR  :— 

Gms. 

Dry  nitrate  of  strontia 
Sttlpbar    . 

.     HOO 

Dry  nitrate  of  baryta    . 

.     460 

225 

Sulphur  .        .        .        . 

150 

Chlonte  of  potassa 

.     200 

Chlorate  of  potassa 

.     100 

Ijunpblack 

60 

Lampblack 

25 

Th«  struntia  or  baryta-salt»  the  sulpbar,  and  the  Inmpblack,  must  be  finely 
povd<>red  and  intimately  mixed,  after  which  the  chlorate  of  potassa  should  bo 
*dded  in  rather  coarse  powder,  and  mixed  without  much  nibbing  with  the  other 
higredients.    The  red-nre  composi^n  has  been  known  to  ignite  spontaneously. 
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strontium  are  procured.  Matthiessen  sajs  that  pure  (alcium  is  a  ligfafc- 
yellow  metal,  of  tlie  colour  of  gold  alloyed  with  silrer.  It  is  particu- 
laily  ductile,  and  may  be  cut,  filed,  or  hammered  into  thin  plates.  He 
obtained  it  in  small  beads  by  fusing  two  equivalents  of  chloride  of 
caldum  and  one  of  chloride  of  strontium  with  rome  chloride  of 
ammonium  in  a  small  porcelain  crucible,  in  which  an  iron  cylinder  is 
placed  as  positive  pole,  and  a  pointed  iron  wire  or  a  little  rod  of  carbon 
connected  with  the  zinc  of  the  battery  is  made  to  touch  the  surface  of  tlie 
liquid.  The  reduced  metal  fuses  and  dro{«  off  from  the  point  of  the  iron 
wire,  and  the  bead  is  removed  from  the  liquid  by  a  small  iron  spatula. 

The  equivalent  of  calcium  is  20 ;  its  symbol  is  Ca. 

Protoxide  of  caloium  ;  lime  ;  CaO. — This  extremely  important 
compound  may  be  obtained  in  a  state  of  considerable  purity  by  heating 
to  full  redness  for  some  time  fragments  of  the  black  bituminous  marble 
of  Derbyshire  or  Kilkenny.  If  required  absolutely  pure,  it  must  be 
made  by  igniting  to  whiteness,  in  a  platinum  crucible,  an  artificial  car- 
bonate of  lime,  procured  by  precipitating  the  nitrate  by  carbonate  of 
ammonia.  Lime  in  an  impure  state  is  prepared  for  building  and 
agricultural  purposes  by  calcining,  in  a  kiln  of  suitable  construction, 
the  ordinaiy  limestones  which  abound  in  many  districts ;  a  red  heat, 
continued  for  some  hours,  is  sufficient  to  disengage  the  whole  of  the 
carbonic  acid.  In  the  best-contrived  limekilns  the  process  is  carried  on 
continuously,  broken  limestone  and  fuel  being  constantly  thrown  in  at 
the  top,  and  the  burned  lime  raked  out  at  intervalii  from  beneath. 
Sometimes,  when  the  limestone  contains  silica,  and  the  heat  has  heea 
very  high,  the  lime  refuses  to  slake,  and  is  said  to  be  over-burned;  in 
this  case  a  portion  of  silicate  has  been  formed. 

Pure  lime  is  white,  and  often  of  considerable  hardness :  it  is  quite 
infusible,  and  phosphoresces,  or  emits  a  pale  light  at  a  high  temperature. 
When  moistened  with  water,  it  slakes  with  great  violence,  evolving 
heat,  and  crumbling  to  a  soft,  white,  bulky  powder,  which  is  a  hydrate 
containing  a  single  equivalent  of  water:  the  latter  can  be  again  ex- 
pelled by  a  red*heat.  This  hydrate  is  soluble  in  water,  but  far  less  so 
than  either  the  hydrate  of  baryta  or  of  strontia,  and,  what  is  very  re- 
markable, the  coider  the  water,  the  larger  the  quantity  of  the  com- 
pound which  is  taken  up.  A  pint  of  water  at  60^  (15^' 5C)  dissolves 
about  11  grains,  while  at  212°  (100°C)  only  7  grains  are  i-etained  in 
solution.  The  hydi-ate  has  been  obtamed  in  thin  delicate  crystals  by 
hlow  evaporation  under  the  air-pump.  Lime-water  is  always  prepaied 
for  chemical  and  pharmaceutical  purposes  by  agitating  cold  water  with 
excess  of  hydrate  of  lime  in  a  closely-stopped  vessel,  and  then,  afler 
subsidence,  pouring  oiT  the  clear  liquid,  and  adding  a  frenh  quantity  of 
water,  for  another  occasion :  there  is  not  the  least  occasion  for  filtering 
the  solution.  Lime-water  has  a  strong  alkaline  reaction,  a  nauseous 
taste,  and  when  exposed  to  the  air  becomes  almost  instantly  covered 
with  a  pellicle  of  carbonate,  by  absorption  of  carbonic  acid  from  the 
atmosphere.     It  is  used,  like  baryta-water,  as  a  test  for  that  substaooey 
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and  also  in  medicine.    Lime-water  prepared  from  some  Tariciies  of 
limestone  may  contain  potassa. 

The  hardening  of  mortars  and  cements  ia  in  a  great  measure  due  to 
the  gradual  absorption  of  carbonic  acid  ;  but  eren  after  a  Tery  great 
length  of  time,  this  couTersion  into  carbonate  is  not  complete.  Mortar 
is  known,  under  fiivonrabie  circumstances,  to  require  extreme  hardness 
with  age.  Lime-cements  which  resist  the  action  of  water  contain  the 
oxides  of  iron,  silica,  and  alumina :  they  require  to  be  carefully  pre- 
pared, and  the  stone  not  over-heated.  When  ground  to  powder  and 
mixed  with  water,  soI{di6cation  speedily  ensues,  from  causes  not  yet 
thoroughly  understood,  and  the  cement,  once  in  thin  condition,  is 
unaffected  by  wet.  Parker's  and  Roman  cement  is  made  in  this  manner 
from  the  nodular  masses  of  calcareo-aigillaceous  ironstone  found  in  the 
London  day.  Lime  is  of  great  importance  in  agriculture :  it  is  found 
more  or  less  in  every  fertile  soil,  and  is  often  very  advantageously  added 
by  the  cultivator.  The  decay  of  vegetable  fibre  in  the  soil  is  promoted, 
and  other  important  objects,  as  the  destruction  of  certain  hui'tful  com* 
ponnda  of  iron  in  marsh  and  peat-land,  is  often  attained.  The  addition 
of  lime  probably  serves  likewise  to  liberate  potassa  from  the  insoluble 
■ilicate  of  that  base  contained  in  the  soil. 

BiNOXiDE  OF  CALCIUM,  CaO,. — This  is  stated  to  resemble  binoxtde 
of  barium,  and  to  be  obtainable  by  treating  lime  with  binoxide  of 
hydrogen. 

Chloride  of  calcium,  CaCl. — Usually  prepared  by  dissolving 
marble  in  hydrochloric  acid ;  also  a  by-product  in  several  chemical 
manufactures.  The  salt  separates  from  a  strong  solution  in  colourless, 
prismatic,  and  eioeedingly  deliquesoent  crystals,  which  contain  6  equi- 
valents of  water.  By  heat  this  water  is  expelled,  and  by  a  temperature 
of  strong  ignition  the  salt  is  fused.  The  crystals  reduced  to  powder 
are  employed  in  the  production  of  artificial  cold  by  being  mixed  with 
snow  or  powdered  ice ;  and  the  chloride,  strongly  dried  or  in  a  fused 
condition,  is  of  great  practical  use  in  desiccatii^  gases,  for  which  pur- 
pose the  latter  are  slowly  transmitted  through  tubes  filled  with  frag- 
ments of  the  salt.  Chloride  of  calcium  is  also  freely  soluble  in  alcohol, 
which,  when  anhydrous,  forms  with  it  a  definite  ciystallizable  com- 
pound. 

Sulphide  of  calcium. — ^The  simple  sulphide  is  obtained  by  re- 
dncing  sulphate  of  lime  at  a  high  temperatura  by  charooa!  or  hydrogen  : 
it  is  nearly  colourless,  and  but  litUe  soluble  in  water.  By  boiling 
together  hydrate  of  lime,  water,  and  flowers  of  sulphur,  a  red  solution 
is  obtained,  which,  on  cooling,  deposits  crystals  of  bisulphide,  which 
contain  water.  When  the  sulphur  is  in  excess,  aud  the  boiling  long 
continued,  a  pentasulphide  is  generated ;  hyposulphurous  acid  is,  as 
usual,  formed  in  these  reactions. 

Phosphide  of  calcium. — ^When  the  vapour  of  phosphorus  is 
passed  over  fragments  of  lime  heated  to  redness  in  a  porcelain  tube,  a 
diocolate-brown  compound,  the  so-called  phosphide  of  calcium,  is  pro- 
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duced.  This  substance  is  probably  a  mechanical  mixtare  of  a  troe 
phosphide  of  calcium,  and  phosphate  of  lime.  It  jields  spontaneousl  j 
inflammable  phosphoretted  hydrogen  when  put  into  water.* 

Sulphate  op  lime  ;  otpsum  ;  belenite  ;  CaO,  SO,. — ^Natire  sul- 
phate of  lime  in  a  crystalline  condition,  containing  2  equivalmts  of 
water,  is  found  in  considerable  abundance  in  some  localities:  it  is  often 
associated  with  rock-salt.  When  regularly  crystallized,  it  is  termed 
selenite.  Anhydrous  sulphate  of  lime  is  also  occasionally  met  with. 
The  salt  is  formed  by  precipitation,  when  a  moderately-concentrated 
solution  of  chloride  of  calcium  is  mixed  with  sulphuric  add.  Sulphate 
of  lime  is  soluble  in  about  500  parts  of  cold  water,  and  its  solubility  is 
a  little  increased  by  heat.  It  is  more  soluble  in  water  containing 
chloride  of  ammonium  or  nitrate  of  potassa.  The  solution  is  precijH- 
tated  by  alcohol.  Gypsum,  or  native  hydnited  sulphate,  is  lai^gely 
employeid  for  the  purpose  of  making  casts  of  statues  and  medals,  and 
also  for  moulds  in  the  porcelain  and  earthenware  manufactures,  and  for 
other  applications.  It  is  exposed  to  heat  in  an  oren  where  the  tem- 
perature does  not  exceed  260°  (126°' 6C),  by  which  the  water  of  crys- 
tallization is  expelled,  and  afterwards  reduced  to  a  fine  powder.  When 
mixed  with  water,  it  solidities  after  a  short  time  from  the  re-formation 
of  the  same  hydrate ;  but  this  effect  does  not  happen  if  the  gypsum  has 
been  over-heated.  It  is  often  called  plaster  of  Paris.  Artificial  co- 
loured marbles,  or  aoagiiokit  are  fi-equently  prepared  by  inserting  pieces 
of  natural  stone  in  a  soft  stucco  containing  this  substance,  and  polishing 
the  surface  when  the  cement  has  become  hard.  Sulphate  of  lime  is 
one  of  the  most  common  impurities  of  spring  water. 

The  peculiar  property  water  acquires  by  uie  presence  in  it  of  lime  is 
termed  hardness.  It  manifests  itself  by  the  effect  such  waters  hare 
upon  the  palate,  and  particularly  by  its  peculiar  behaviour  with  soap. 
Hard  water  yields  a  lather  with  soap  only  after  the  whole  of  the  lime- 
salts  have  been  thrown  down  from  the  water  in  the  form  of  an  inso- 
luble lime-soap.  Upon  this  principle  Prof.  Clai'k's  soap-test  for  the 
hardness  of  water  is  based.*  The  hardness  produced  by  sulphate  of 
lime  is  called  permanent  hardness ^  since  it  cannot  be  remedied. 

Carbonate  OF  LIME  ;  chalk;  limestone;  marble:  CaO, CO,. 
— -Carbonate  of  lime,  oflen  more  or  less  contaminated  by  protoxide  ^ 
iron,  clay,  and  organic  matter,  forms  rocky  beds,  of  immense  extent  and 
thickness  in  almost  every  part  of  the  world.  These  present  the  greatest 
diversities  of  texture  and  appearance,  arising,  in  a  great  measure,  from 
changes  to  which  they  have  been  subjected  since  their  deposition.  The 
moet  ancient  and  highly-crystalline  limestones  are  destitute  of  visible 

*  According  to  M.  Paul  Th£nard,  the  phosphide  of  caldum  existing  In  this 
mixture  has  the  coniponitlon  PCa«.  By  coming  In  contact  with  water,  it  yields 
liquid  phospboretted  hydrogen,  PGa2i>2H0=20a0+PH4.— (Page  207.)  The 
greaUsr  portion  of  the  liqaid  phosphide  Is  Immediately  decomposed  into  solid 
and  Raseous  phonpfaoretted  hydroscen.    6PH2=P2l^+3^Hs. 

t  joiunal  of  the  Fbarmaoentical  Society,  voL  vi  p.  626. 
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organic  remaihSf  while  those  of  more  I'ecent  origin  are  often  eutirely 
made  up  of  the  shelly  exuvias  of  once-living  beings.  Sometimes  these 
latter  are  of  such  a  nature  as  to  show  that  the  animals  inhabited  fresh 
water ;  marine  species  and  corals  are,  however,  most  abundant.  Cavities 
in  limestone  and  other  rocks  are  very  often  lined  with  magnificent  ci-ys- 
tals  of  carbonate  of  lime  or  calcareous  spar,  which  have  evidently  been 
slowly  deposited  from  a  watery  solution.  Carbonate  of  lime  is  always 
{medpitated  when  an  alkaline  carbonate  is  mixed  with  a  solution  of  that 
base. 

Although  this  substance  is  not  sensibly  soluble  in  pure  water,  it  is 
freely  taken  up  when  carbonic  acid  happens  at  the  same  time  to  be 
present.  If  a  little  lime-water  be  poured  into  a  vessel  of  that  gas,  the 
turbidity  first  produced  disappears  on  agitation,  and  a  transparent  solu* 
tion  of  carbonate  of  lime  in  excess  of  carbonic  acid  is  obtained.  This 
solution  is  decomposed  completely  by  boiling,  the  cai'bonic  acid  being 
expelled,  and  the  carbonate  precipitated.  Since  all  natural  waters 
contain  dissolved  carbonic  acid,  it  is  to  be  expected  that  lime  in  this 
condition  should  be  of  very  common  occurrence ;  and  such  is  really 
found  to  be  the  fact ;  river,  and  more  especially  spring  water,  almost 
invariably  containing  carbonate  of  lime  thus  dissolved.  In  limestone 
districts,  this  is  often  the  case  to  a  great  extent.  The  hardness  of 
water,  which  is  owing  to  the  presence  of  caibonate  of  lime,  is  called 
teaqtorcury,  since  it  is  diminished  to  a  very  considerable  extent  by  boil- 
ing, and  may  be  nearly  removed  by  mixing  the  hard  water  with  lime* 
water,  when  both  the  dissolved  carbonate  and  the  dissolved  lime,  which 
becomes  thus  carbonated,  are  precipitated.  Upon  this  principle  Prof. 
Clark's  process  of  softening  water  is  based.  This  process  is  of  con- 
siderable importance,  since  a  supply  of  hai-d  water  to  towns  is  in  many 
respects  a  source  of  great  inconvenience.  As  has  been  already  men- 
tioned, the  use  of  such  water,  for  the  purposes  of  washing,  is  attended 
with  a  great  l(»s  of  soap.  Boilers,  in  which  such  water  is  heated, 
speedily  become  lined  with  a  thick  stony  incrustation.*  The  beautifal 
stalactitic  incrustations  of  limestone  caverns,  and  the  deposit  of  calo^ 
sinter  or  travertin  upon  various  objects,  and  upon  the  ground  in  many 
places,  are  thus  explained  by  the  solubility  of  carbonate  of  lime  in 
water  containing  carbonic  acid. 

Crystallized  carbonate  of  lime  exhibits  the  curious  property  of  di- 
morphism ;  calcareous  spar  and  arragonite,  although  possesping  the  same 
chemical  composition,  both  containing  single  equivalents  \}i  lime  and 
carbonic  acid,  and  nothing  besides,  have  different  crystalline  forms,  dif- 
ferent densities,  and  different  optical  properties.    Rose  has  observed 

*  Many  proposals  have  been  made  to  prevent  the  fbrmation  of  boller-deposlts. 
The  most  elHcleDt  appears  to  he  the  method  of  Dr.  Rltterband,  whicdi  oonsists 
b  throwing  into  the  teller  a  small  quantity  of  sal-ammoniac,  'when  carbonate 
of  ammonia  Is  formed,  which  is  volatilizKl  with  the  steam,  chloride  of  calchim 
renuuning  in  solution.  It  need  scarcely  be  mentioned  that  thte  plan  is  applbi 
cable  in  the  case  of  permanently-luffd  waters. 
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that  carbonate  of  lime  appears  in  the  form  of  cakareons  spar  wfaeo 
deposited  from  its  solution  in  water  containing  carbonic  acid  at  thpe 
ordinary  temperatare.  At  194^  K.  (90°C)  and  on  ebullition,  howerer, 
it  is  chiefly  deposited  in  the  foim  of  arrsgonite ;  at  lower  temperefcnres 
the  formation  of  arn^;onite  decreases  whilst  that  of  calcareons  spar  in- 
crease^  the  limit  for  the  formation  of  the  former  Tariety  being  between 
86°  and  122®  F.  (30°  and  50°C). 

Calcareous  spar  oocars  very  i^nndantly  in  crystals  derived  fimn  an 
obtase  rhomboid,  whose  angles  measure  105°  5'  and  74°  55':  its  den- 
sity varies  from  2  *  5  to  2  *  8.  The  rarer  variety,  or  arragontte,  is  found 
in  crystals  whose  primary  form  is  a  right  rhombic  prism ;  a  figure 
having  no  geometrical  relation  to  the  preceding  :  it  is,  besides,  heavier 
and  harder. 

Phosphates  of  ltme. — A  number  of  distinct  compounds  of  lime 
and  phosphoric  acid  are  known.  Two  tribasio  phosphates,  2Ca09 
HO,FOj|,  and  8CaO,POj,  are  produced  when  the  corresponding  soda- 
salts  are  added  in  solution  to  chloride  of  calcium ;  the  first  is  slight]  j 
crystalline,  and  the  second  gelatinous.  When  the  first  phosphate  is 
digested  with  ammonin,  or  dissolved  in  acid,  and  re-predpitated  by  that 
alkali,  it  is  converted  into  the  second.  The  earth  of  bones  consists  prin- 
cipally of  what  appears  to  be  a  combination  of  these  two  salts.  Aootlier 
phosphate,  containing  2  equivalents  of  basic  water,  has  been  described, 
which  completes  the  series :  it  is  formed  by  dissolving  either  of  the  pre- 
ceding in  phosphoric^  hydrochloric,  or  nitric  acid,  and  evaporating 
until  the  salt  separates  on  cooling  in  small  platy  crystals.  It  is 
the  substance  which  yields  phosphorus,  when  heated  with  charcQal* 
in  the  ordinary  process  of  manufacture  before  described.  Bibasie 
and  monobasic  phosphates  of  Ume  also  exist.  These  phosphates^ 
although  insoluble  in  water,  dissolve  readily  in  dilute  adds,  even 
acetic  add.    The  mineral  apatite  is  chiefly  phosphate  of  lime. 

Fluoride  op  calcium;  pluor-spar;  CaF. — This  substance  is 
important  as  the  most  abundant  natural  source  of  hydrotluoric  add 
and  the  other  fluorides.  It  occurs  beautifully  crystallized,  of  varioos 
colours,  in  lead-veins,  the  crystals  having  commonly  the  cubic,  bat 
sometimes  the  octahedral  form,  parallel  to  the  faces  of  which  latter 
figure  they  always  deave.  Some  varieties,  when  heated,  emit  a 
greenish,  and  some  a  purple  phosphorescent  light.  The  fluoride  is 
quite  insoluble  in  water,  and  is  decomposed  by  oil  of  vitriol  in  the 
manner  already  mentioned,  vide  p.  183. 

Chloride  of  lime;  bleachino-powder.  —  When  hydrate  of 
lime,  very  slightly  moist,  is  exposed  to  chlorine  gas,  the  latter  is 
eagerly  absorbed,  and  a  compound  produced  which  has  attracted  a 
great  deal  of  attention :  this  is  the  bleaching-powder  of  commerce, 
now  manufactured  on  an  immense  scale,  for  bleaching  linen  and  cotton 
goods.  It  is  requisite,  in  preparing  this  substance,  to  avoid  with  the 
greatest  care  all  elevation  of  temperature,  which  may  be  easily  done 
by  slowly  supplying  the  chlorine  in  the  flnt  instance.    The  product, 
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irheik  freshly  and  well  prepared,  w  a  soft,  white  powder,  which  attxact* 
moisture  from  the  air,  and  exhales  an  odour  sensibly  ditfei  ent  from 
that  of  chlorine.  It  is  sol  able  in  about  10  parts  of  water,  the  un- 
altered hydrate  being  left  behind  :  the  solution  is  highly  alkaline,  and 
bleaches  feebly.  When  hydrate  of  lime  is  suspended  in  cold  water, 
sad  chlorine  gas  transmitted  through  the  mixture,  the  lime  is  gradually 
diswlved,  and  the  same  peculiar  bleaching  compound  produced :  the 
alkalis  also,  either  caustic  or  carbonated,  may  by  similar  means  be 
made  to  absorb  a  large  quantity  of  chlorine,  and  give  rise  to  corre- 
sponding compounds ;  such  are  the  '*  disinfecting  solutions  *'  of  ^ 
M.  Labarraque. 

The  most  consistent  view  of  the  constitution  of  these  curious  com- 
pounds is  that  which  supposes  them  to  contain  salts  of  hypochlorous 
acid,  a  substance  as  remarkable  for  bleaching  powers  as  chlorine  itself  ; 
and  this  opinion  seems  borne  out  by  a  careful  comparison  of  the  pro- 
perties of  the  bleaching  salts  with  those  of  the  true  hypocbloriies. 
Hypochlorous  acid  can  be  actually  obtained  from  good  bleachiug- 
powder,  by  distilling  it  with  dilute  sulphuric  or  nitric  acid,  in  quantity 
iosufficient  to  decompose  the  whole :  when  the  acid  is  used  in  excess, 
chlorine  is  disengaged.* 

If  this  view  Im  correct,  chloride  of  calcium  must  be  formed  simul- 
taneously with  the  hypochlorite,  as  in  the  following  diagram  : 

Chlorine ^.^-^    Chloride  of  caldum. 

(  Calcium 

Chlorine-  

Lime — '     Hypochlorite  of  lime, 

2CaO  +  2C1  =  CaCl  +  CaO,C10. 

When  the  temperature  of  the  hydrate  of  lime  has  risen  daring  the  ab- 
sorption of  the  chlorine,  or  when  the  compound  has  been  subsequently 
exposed  to  heat,  its  bleaching  properties  are  impaired  or  altogether  de- 
stroyed: it  then  contains  chlorate  of  lime  and  chloride  of  calcium; 
o^gen,  in  variable  quantity,  is  usually  set  free.  The  same  change 
^^fssA  to  ensue  by  long  ket^ing,  even  at  the  common  temperature  of 
^0  air.  In  on  open  vessel  it  is  speedily  destroyed  by  the  carbonic  acid 
of  tke  atmossphere.  Commercial  bleaching-powder  thus  constantly 
varies  in  value  with  its  age,  and  with  the  care  originally  bestowed 
upon  its  pieparation:  the  best  may  contain  about  30  per  cent,  of 
available  chlorine,  easily  liberated  by  an  acid,  which  is,  however,  far 
■Iwrt  of  the  theoretical  quantity. 

The  general  method  in  which  this  substance  is  employed  for  bleach- 
u^  is  the  following : — the  goods  are  first  immersed  in  a  dilute  solution 
of  chloride  of  lime  and  then  transfen-ed  to  a  vat  containing  dilute  sul- 
phuric add.     Decomposition  ensues ;  both  the  lime  of  the  hypochlo- 

*  M.  Oay-Lussac,  Ann.  Ohlm.  et  Phys.,  3rd  series,  v.  29«. 
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rite  and  the  c»1ciam  of  the  chloride  lure  converted  into  sul[^te  of 
lime,  while  the  free  hjpochlorous  and  hydrochloric  acids  yield  water 
and  free  chlorine. 

The  chlorine  ihas  diseng^ed  in  contact  with  the  doth  canses  the 
destruction  of  the  coloaring  matter.  This  process  is  often  repeated. 
It  heing  unsafe  to  use  strong  solutions.  White  patterns  are  on  this  prin- 
ciple imprinted  upon  coloured  doth,  the  figures  being  stamped  with 
tartaric  acid  thickened  with  gum-water,  and  then  the  stuff  immersed 
in  the  chloride  hath,  when  the  parts  to  which  no  add  has  beoi  ap^ied 
remain  unaltered,  w^hile  the  printed  portions  are  bleached. 

For  purifying  an  offensive  or  infectious  atmosphere,  as  an  aid  to 
proper  ventilation,  the  bleaching-powder  is  very  convenient.  Tlie 
solution  is  exposed  In  shallow  vessels,  or  doths  steeped  in  it  are  sus- 
pended in  the  apartment,  when  the  carbonic  add  of  the  air  slowly 
decomposes  it  in  the  manner  above  described.  An  addition  of  a  strong 
acid  causes  rapid  disengagement  of  chlorine. 

The  value  of  any  sample  of  bleaching-powder  may  be  easily  deter* 
mined  by  the  following  method,  in  which  the  feebly-combined  chlorine 
is  estimated  by  its  effect  in  peroxidizing  a  protosalt  of  iron,  of  whidi 
two  equivalents  require  one  of  chlorine :  the  latter  acts  by  decomposing 
water  and  liberating  a  corresponding  quantity  of  oxygen — 78  (more 
correctly  78*  16)  gi'ains  of  green  sulphate  of  iron  are  dissolved  in  abont 
two  ounces  of  water,  and  acidulated  by  a  few  drops  of  sulphuric  or 
hydrochloric  acid :  this  quantity  will  require  for  peroxidation  10  grains 
of  chlorine.  Fifly  gi-ains  of  the  chloride  of  lime  to  be  examined  are 
next  rubbed  up  with  a  little  tepid  water,  and  the  whole  transferred  to 
the  alkalimeter*  before  described,  which  is  then  filled  up  to  0  with 
water,  after  which  the  contents  are  well  mixed  by  agitation.  The 
liqi44  is  next  gi-adually  poured  into  the  solution  of  iix>n,  with  constant 
stirring,  until  the  latter  has  become  peroxidized,  which  may  be  known 
by  a  drop  ceasing  to  give  a  deep-blue  precipitate  with  terricyanide 
of  potassium.  The  number  of  grain-measures  of  the  chloride  solution 
employed  may  then  be  read  off:  since  these  must  contain  10  grains  of 
serviceable  chlorine,  the  quantity  of  the  latter  in  the  50  gi'ains  may  be 
easily  reckoned.  Thus,  suppose  72  such  measures  have  been  taken, 
then 

Measures.  Qrs.  Chlorine.  Measures.  Grs.  Chlorine, 

72  :  10  =  100  :  13-89 

The  bleaching-powder  contains,  therefore,  27*78  per  cent.f 

Baryta,  strontia,  and  lime  are  thus  distinguished  from  all  other  sub- 
stances, and  from  each  other. 

Caustic  potassa,  when  free  from  carbonate,  and  caustic  ammonia, 
occasion  no  precipitates  in  dilute  solutions  of  the  earths,  especially  of 
the  first  two,  the  hydrates  being  soluble  in  water. 

•  Vide  p.  287.  f  Graham's  Elements,  voL.l.  p.  593. 


Alkaline  carbonates,  and  carbonate  of  ammonia,  ^Te  white  predpi- 
taiesy  insolable  in  excess,  of  the  precipitant,  with  all  three. 

Solphuric  acid,  or  a  sulphate,  added  to  very  dilute  solutions  of  the 
earths  in  question,  gives  an  immediate  white  precipitate  with  baryta, 
a  similar  precipitate  after  a  short  interval  with  stiontia,  and  occasions 
no  change  witli  the  lime-«alt.  The  precipitates  with  baryta  and 
•trontia  are  insoluble  in  nitric  add . 

Solution  of  sulpliate  of  lime  gives  an  instantaneous  doud  with 
baryta,  and  one  with  strontia  after  a  little  time.  Sulphate  of  strontia 
B  itself  sufficiently  soluble  to  occasion  turbidity  when  mixed  with 
chloride  of  barium. 

Labtly.  the  soluble  oxalates  give  a  white  precipitate  in  the  most 
dilute  solutions  of  lime,  which  is  not  dissolved  by  a  drop  or  two  of 
hydrochloric  or  by  an  excess  of  acetic  add.  This  is  an  exceedingly 
characteriatic  test. 

The  dilorides  of  strontium  and  addum  dissolved  in  alcohol  colour 
the  flame  of  the  latter  red  or  purple :  salts  of  baryta  communicate  to 
the  flame  a  pale^een  Unt. 

MAGNESIUM. 

A  few  pellets  of  sodium  are  placed  at  the  bottom  of  a  test-tube  of 
hard  German  glass,  and  covered  with  fi^agments  of  fused  chloride  of 
magnesium.  The  heat  of  a  spirit-lamp  is  then  applied  until  reaction 
has  been  induced :  this  takes  place  with  great  violence  and  elevation 
of  temperature,  diloride  of  sodium  being  formed,  and  metallic  ouigne- 
sinm  set  free.  When  the  tube  and  its  contents  are  completely  cold,  it 
is  broken  up,  and  the  fragments  put  into  cold  water,  by  which  the 
metal  is  separated  from  the  salt. 

-  Bunsen  has  lately  succeeded  in  reducing  the  magnesium  by  the 
decomposition  of  fused  chloride  of  magnesium,  by  means  of  the  dectric 
battery.* 

Magnesium  is  a  white,  malleable  metal  of  1*75  sp.  gr.,  fiisible  at  a 
red  heat:  it  is  almost  as  volatile  as  zinc,  and  can  therefore  be  purified 
by  distillation.  Magnesium  is  not  sensibly  acted  upon  by  cold  water : 
it  is  oxidized  by  hot  water.  Heated  in  the  air,  it  bums  and  produces 
magnesia,  which  is  the  only  oxide.  Sulphuric  and  hydrochloric  adds 
dissolve  it  readily,  evolving  hydrogen. 

The  equivalent  of  this  metal  is  12,  and  its  symbol  Mg. 

Magnesia  ;  calcined  magnesia  ;  MgO. — This  is  prepared  with 
great  ease  by  exposing  the  magnesia  alba  of  pharmacy  to  a  full  red 
heat  in  an  earthen  or  platinum  crucible.  It  forma  a  soft,  white 
powder,  which  slowly  attracts  moisture  and  carbonic  add  from  the 
ur,  and  unites  quietly  with  water  to  a  hydrate  which  possesses  a  feeble 

*  MatthlesKn  states,  tbat  instead  of  the  pare  chloride  it  Is  simpler  to  use  a 
mixture  of  three  equlvaloits  of  chloride  of  potassium  and  four  of  magnesium ; 
mne  chloride  of  ammonium  Is  added,  the  mixture  Is  thea  fUsed  and  electrolysed. 
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d^ee  of  solubiiitr,  reqairing  about  5000  parts  of  water  at  60" 
(15°5C)  and  36,000  paita  at  212°  (lOO^'C).  The  alkalinity  of 
'  magnesia  can  only  b«  observed  by  placing  a  umall  portion  in  a  moist- 
ened state  upon  test-paper :  it  neutralizes  adds,  however,  in  the  moat 
complete  manner.     It  is  infusible. 

Chloride  of  magnesium,  MgCl. — When  magnesia,  or  its  cu> 
bonate,  is  dissolved  in  hydrochloric  acid,  there  can  be  no  doubt  re- 
specting the  simultaneous  production  of  diloride  of  magnesium  and 
water ;  but  when  this  solution  comes  to  be  evaporated  to  dryness,  the 
last  portions  of  water  are  retained  with  such  obstiuacy,  that  decompo- 
sition of  the  water  is  brought  about  by  the  concurring  attracUons  of 
magnesium  for  oxygen,  and  of  chlorine  for  hydrogen ;  hydrochloric 
acid  is  expelled,  and  magnesia  remains.  If,  however,  sal-ammoniac  or 
chloride  of  potassium  happen  to  be  present,  a  double  salt  is  produced, 
which  is  easily  rendered  anhydrous.  The  best  mode  of  preparing  the 
chloride  is  to  divide  a  quantity  of  hydix)chloric  acid  into  two  equal 
portions,  to  neutralize  one  with  magnesia,  and  the  other  with  ammonia, 
or  carbonate  of  ammonia :  to  mix  these  solutions,  evaporate  them  to 
dryness,  and  then  expose  the  salt  to  a  red-heat  in  a  ioos<>ly'Covei'ed 
porcelain  crucible.  Sal-ammoniac  sublimes,  and  chloride  of  magnesium 
in  a  fused  state  remains ;  the  latter  is  poured  out  upon  a  clean  stoue, 
and  when  cold,  transferred  to  a  well'fitopped  bottle. 

The  chloride  so  obtained  is  white  and  crystalline.  It  is  very  deli- 
quesceut  and  highly  soluble  in  water,  from  which  it  cannot  again  be 
recovered  by  evapomtion,  for  the  I'easons  jnst  mentioned.  When  long 
exposed  to  the  air  in  a  melted  dtate,  it  is  converted  into  magnesia.  It 
is  soluble  in  alcohol. 

ISulphide  of  magnesium  is  formed  by  passing  vapoar  of  sulj^ide  of 
carbon  over  magnesia,  in  capsules  of  coke,  at  a  strong  red-heat. 

Sulphate  op  magnesia  ;  £p8om  salt  ;  MgO,S08  -{-  7H0.— 
This  salt  occurs  in  sea-water,  and  in  that  of  many  minei-al  icprings, 
and  is  now  manufactured  in  large  quantities  by  acting  on  magnebiaa 
limestone  by  diluted  sulphuric  acid,  and  separating  the  sulphate  of 
mi^esia  from  the  greater  part  of  the  slightly-soluble  sulphate  of  lime 
by  the  filter.  The  crystals  are  derived  from  a  right  rhombic  prism : 
they  are  soluble  in  an  equal  weight  of  water  at  60°  (15°'5C),  and  in 
a  still  smaller  quantity  at  212°  (100°C).  The  salt  has  a  nauseous 
bitter  taste,  and,  like  many  other  neutnd  salts,  purgative  properties. 
When  exposed  to  heat,  6  equivalents  of  water  readily  pass  off,  the 
seventh  being  energetically  retained.  Sulphate  of  magnesia  forms 
beautiful  double  salts  with  the  sulphates  of  potassa  and  ammoniai 
which  contain  6  equivalents  of  water  of  ciystallization. 

Carbonate  of  magnesia.— The  neutrai  carbonate,  MgCCO,, 
occurs  native  in  rhombohedi-al  crystals,  resembling  those  of  calcareous 
spar,  embedded  in  talc-slate:  a  soft  earthy  variety  is  sometimes  met 
witli. 

When  magnesta  alba  is  dissolved  in  carbonic  acid  water,  and  the 
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«olntion  left  to  eraporate  spontaneonsly,  small  prismatic  crystals  are 
deposited,  which  oonaist  of  carbonate^of  magnesia,  with  3  equivalents  of 


The  mofjnesia  alba  itself,  altboagh  often  called  carbonate  of  mag- 
nesia,  ia  not  so  in  reality ;  it  is  a  compound  of  carbonate  with  hydrate. 
It  Is  prepAred  by  mixing  hot  solutions  of  carbonate  of  potassa  or  soda, 
and  snlpbate  of  magnesia,  the  latter  being  kept  in  slight  excess,  boil- 
ing  the  whole  a  few  minutes,  during  which  time  much  carbonic  acid 
is  disengaged,  and  then  well  washing  the  precipitate  so  produced.     If 
the  solution  be  very  dilute,  the  magnesia  alba  is  exceedingly  light  and 
bulky ;  if  otherwise,  it  is  denser.     The  composition  of  this  precipitate 
is  not  perfectly  constant.     In  most  cases  it  contains  4(MgO,CO.)4- 
MgO,HO+6HO. 
Magnesia  alba  is  slightly  soluble  in  water,  especially  when  cold. 
Phogphatb    of   magnesia,    2MgO,HO,POj+14HO.— This  salt 
separates    in  small   colourless  prismatic  crystals  when  solutions   of 
phos]^te  of  soda  and  sulphate  of  magnesia  are  mixed  and  suflered  to 
stand  some  time.    According  to  Professor  Graham  it  is  soluble  in  about 
1,000  parts  of  cold  water.     Phosphate  of  magnesia  exists  in  the  grain 
of  the  cereals,  and  can  be  detected  in  considerable  quantity  in  beer. 

Phosphate  of  magnesia  and  aumoxia,  2MgO,NH40,P05+ 
12 HO. — When  ammonia  or  its  carbonate  is  mixed  with  a  salt  of  mag- 
nesia, and  a  soluble  phosphate  added,  a  crystalline  precipitate,  having 
the  above  composition,  subsides,  immediately  if  the  solutions  are  con- 
centrated, and  after  some  time  if  very  dilute :  in  the  latter  case,  the 
precipitation  is  promoted  by  stirring.  This  salt  is  slightly  soluble  in 
pure  water,  but  scarcely  so  in  saline  and  ammoniacal  liquids.  When 
heated,  it  is  resolved  into  bibosic  phosphate  (pyrophosphate)  of  mag- 
nesia, containing  36*036  per  cent,  of  magnesia.  At  a  strong  red-heat 
it  fuses  to  a  white  enamel-like  mass.  The  phosphate  of  magnesia  and 
ammonia  sometimes  forms  a  urinary  calculus,  and  occurs  also  in 
guano. 

In  practical  analysis,  magnesia  is  often  separated  from  solutions  by 
bringing  it  into  this  state.  The  liquid,  free  from  alumina,  lime,  &c., 
is  mixed  with  phosphate  of  soda  and  excess  of  ammonia,  and  gently 
heated  for  a  short  time.  The  precipitate  is  collected  upon  a  filter  and 
thoroughly  washed  with  water  containing  a  little  ammonia,  after  which 
it  is  diied,  ignited  to  redness,  and  weighed.  The  proportion  of  mag- 
nesia is  then  easily  calculated. 

Silicates  of  magnesia. — The  following  natural  compounds  be^ 
long  to  this  class: — Steatite  or  soap-stone ^  MgOySiO,,  a  soft,  white, 
or  pale-coloured,  amorphous  substance,  found  m  Cornwall  and  else- 
where;— Meerschcuan,  MgO^iO^H-HO,  from  which  pipe-bow U  are 
often  manufactured ; — Chrysolite,  3MgO,SiO,,  a  crystallized  mineral, 
sometimes  employed  for  ornamental  purposes;  a  portion  of  magnesia 
is  commonly  replaced  by  protoxide  of  iron,  which  communicates  a 
green  colour ; — Serpentine  is  a  combination  of  silicate  and  hydrate  of 
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magiiesH;  Jade^  an  eiioeediiig)T  hard  stone,  Ivoogbt  from  Kev  Zhk 
\axA^  oootaioft  silicate  of  msgiMsia  camlMDed  vith  silicate  of  almniiia: 
its  green  oJoar  is  doe  to  seBqoioiide  of  duonuum ;  AiagStt  and  Aom- 
Uende  are  eiscntiallj  doable  salts  of  silicic  add,  magnesia,  and  lime,  in 
whicfa  the  magncaia  is  more  or  less  irplaoed  bj  its  isomoiphoas  sob- 
stitale^  protoxide  irf*  iioo. 


The  salts  of  magnesia  are  strictly  isomorpbons  with  those  of  the 
pfTotozidcs  of  zinc,  of  iron,  of  copper,  &c ;  thej  are  usual! j  cidoiiriess, 
and  are  easily  recognized  by  the  following  cfaaxacters : — 

A  gelatinous  white  preapitate  with  caustic  alkalis,  indoding 
ammonia,  insoluble  in  excess,  bat  soluble  in  solatioa  of  sal> 
ammoniac 
K  white  precipitate  with  the  carbonates  of  potassa  and  soda,  bat 

wifM  with  cai'bonate  o{  amoKAia  in  the  cold. 
A  white  crystalline  precipitate  with  soluble  phosphates,  on  the 
addition  of  a  little  anomonia. 
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SECTION  III. 

METALS  OF  THE  EABTHS  FBOPEB. 


ALUHINUX  OR  ALUMIKIUM. 

Alttiiina,  the  only  known  oxide  of  this  metal,  is  a  suhstance  of  rery 
abundant  occurrence  in  nature  in  the  state  of  silicate,  as  in  felspar  and 
its  associated  minerals,  and  in  the  various  modiBcations  of  claj  thence 
derived.  Aluminium  was  first  obtained  by  Wohler :  it  can  be  prepared 
in  the  same  manner  as  magnesium,  but  with  rather  more  difficulty. 
Chloride  of  aluminium  is  put  into  a  glass  tube,  through  which  hydro- 
gen gas  is  passed ;  sodium  is  then  introduced,  and  the  tube  is  heated  to 
fnse  the  sodium  and  to  cause  the  vapoui*s  of  the  chloride  of  aluminium 
to  be  decomposed  by  it.  The  aluminium  remains  as  a  fused  mass, 
which  is  washed  with  water  to  separate  the  alkaline  chloride.  Dr. 
Percy  and  U.  Rose  heat  powdered  cryolite  (fluoride  of  aluminium  and 
sodium)  with  potassium  in  a  small  iron  crucible  to  a  bright  redness, 
and  thus  obtain  aluminium  with  greater  ease  than  from  chloride  of 
aluminium* 

It  is  to  the  exei*tions  of  M.  H.  Ste.  Claire  Deville  that  we  are 
indebted  for  the  manufacture  of  aluminium  upon  a  large  scale.  The 
process  which  he  employs  is  essentially  the  same  as  that  recommended 
by  Wohler,  but  he  found  it  also  convenient  to  prepare  it  by  heating  to 
redness  a  mixture  of  crj'olite,  chloride  of  sodium,  and  sodium.  When 
cold  the  fused  mass  is  immersed  in  water:  by  crushing  it  after  twelve 
hours*  standing  the  aluminium  is  separated  either  in  a  fused  mass  or 
in  globules.  The  latter  may  be  united  by  fusion  under  chloride  of 
potassium. 

Aluminiom  is  remarkable  for  its  low  specific  gravity,  which  is  2  *  6  : 
it  is  nearly  as  white  as  silver,  and  is  capable  of  assuming  a  high 
polish.  It  is  employed  in  the  manufacture  of  delicate  apparatus 
and  ornamental  ailicles.  Some  of  the  alloys  of  aluminium  promise 
to  become  more  generally  applicable,  more  especially  the  alloy  with 
copper,  which  is  remarkable  for  being  similar  in  appearance  to  gold : 
this  alloy  is  found  already  in  conmierce  under  the  name  of  aluminium 
bronze. 

Aluminium  has  for  its  equivalent  the  number  13*7;  its  symbol  is  Al. 

Alumina,  AlgO^. — ^This  substance  is  inferred  to  be  a  sesquioxide, 
from  its  isomorphism  with  the  red  oxide  of  iron.  It  is  prepared  by 
mixing  solution  o^  alum  with  excess  of  ammonia,  by  which  au  ex- 
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tremely  bulky,  white,  gelatinous  predpitate  of  hydrate  of  alomiiia  if 
thrown  down.  This  is  washed,  dried,  and  ignited  to  whitmess. 
Thns  obtained,  alumina  constitutes  a  white,  tasteless,  ooherent  maas^ 
Tery  little  acted  upon  by  adds.  The  hydrate,  on  the  oontiary,  when 
simply  dried  in  the  air,  or  by  gentle  heat,  dissolves  freely  in  dilate 
acid,  and  in  caustic  potassa  or  soda,  from  which  it  is  predpitated  by 
the  addition  of  sal-ammoniac.  Alumina  is  fusible  before  the  oxy* 
hydrogen  blowfupe.  The  mineral  called  conmdum,  of  which  the  ruby 
and  sapphire  are  transparent  varieties,  consists  of  nearly  piure  alumina 
in  a  crystallized  state,  with  a  little  colouring  oxide:  emery,  used  lor 
polishing  glass  and  metals,  is  a  coarse  variety  of  corundum.  Alumina 
is  a  very  teeble  base,  and  its  salts  have  often  an  acid  reaction. 

Sesquichloride  of  alumimicm,  Al2C],.~The  solution  of  aluminit 
in  hydrochloric  add  behaves,  when  evaporated  to  dryness,  like  that  of 
magnesia,  the  diloride  being  decompof^  by  the  water,  and  alumina 
and  hydrochloric  add  produced.  The  chloride  may  be  thus  prepared : 
— Pure  precipitated  alumina  is  dried  and  mixed  with  lampUack,  and 
the  mixture  strongly  calcined  in  a  covered  crucible.  It  is  thai  tnuoa- 
ferred  to  a  porcelain  tube  fixed  across  a  furnace,  and  heated  to  redness 
in  a  stream  of  chlorine  gas,  when  the  alumina,  yielding  to  the  attno- 
tion  of  the  chlorine  on  the  one  hand  and  the  carbon  on  the  other,  for 
each  of  its  constituents,  sufiers  decomposition,  carbonic  oxide  being 
disengaged,  and  sesquichloride  of  aluminium  formed ;  the  latter  sub- 
limes, and  condenses  in  the  cool  part  of  the  tube. 

Sesquichloride  of  aluminium  is  a  crystalline  yellowish  substance,  ex* 
cessively  greedy  of  moisture,  and  very  soluble.  Once  disMlved,  it 
cannot  be  again  recovered. 

SoLPHiDE  OF  ALUMINIUM)  Al^S,. — ^The  vapour  of  sulphide  of 
carbon  is  passed  over  alumina,  at  a  bright-red  heat ;  a  glassy  melted 
mass  remains,  which  is  instantly  decomposed  by  water  with  evolution 
of  sulphuretted  hydrogen. 

Sulphate  of  alumina,  Al^  0„3S0,  +  18H0. —  Prepared  by 
saturating  dilute  sulphuric  acid  with  hydrate  of  alumina,  and  evapo- 
rating ;  or,  on  a  large  scale,  by  heating  clay  with  sulphuric  add.  It 
crystallizes  in  thin  pearly  plates,  soluble  in  2  parts  of  water :  it  has  a 
sweet  and  astringent  taste,  and  an  acid  reacti<Ni.  Heated  to  redness,  it 
is  decomposed,  leaving  pure  alumina.  Two  other  sulphates  of  alumina, 
with  excess  of  base,  are  also  described,  one  of  which  is  insoluble  in  water. 

Sulphate  of  alumina  combines  with  the  sulphates  of  potassa,  soda* 
and  ammonia,  forming  double  salts  of  great  interest,  the  alums. 
Common  alum,  the  Koui'ce  of  all  the  preparations  of  alumina,  contains 
AlgO„3SO,  +  KO,SO,  +  24HO.  It  is  manufactured,  on  a  very  large 
scale,  from  a  kind  of  slaty  clay,  loaded  with  bisulphide  of  iron,  which 
abounds  in  certain  localities.  This  is  gently  roasted,  and  then  exposed 
to  the  air  in  a  moistened  state;  oxygen  is  absorbed,  the  sulphur 
becomes  addified,  sulphate  of  protoxide  of  iron  and  sulphate  of  alu- 
mina are  produced,  and  afterwards  separated   by  lixiviation   with 
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crater.  The  solntioii  is  next  ooncentrated,  and  mixed  with  a  qnantjtj 
of  chloride  of  potassium,  which  decomposes  the  iron-«aIt,  forming  pro- 
tochloride  of  iron  and  sulphate  of  potassa  :  the  latter  combines,  with 
the  sulphate  of  alumina,  to  form  alum.  By  crystallization  the  alum  is 
separated  from  the  highly-soluble  chloride  of  iron,  and  afterwards  easily 
purified  by  a  repetition  of  that  process.  Other  methods  of  alum- 
making  exist,  and  ai*e  sometimes  employed.  Potassa-alum  crystallizes 
IQ  colourless,  transparent  octahedra  which  often  exhibit  the  faces  of 
the  cnbe.  It  has  a  sweetish  and  astringent  taste,  reddens  litmus-paper, 
and  dissolres  in  18  parts  of  water  at  60^  (15°'5CV  and  in  its  own 
weight  of  boiling  water.  Exposed  to  heat,  it  is  easily  rendered  anhy- 
drous, and,  by  a  very  high  temperature,  decomposed.  The  crystals  hare 
little  tendency  to  change  in  the  air.  Alum  is  largely  used  in  the 
arts,  in  preparing  skins,  dyeing,  &c.:  it  is  occasionally  contaminated 
with  oxide  of  iron,  which  interferes  with  some  of  its  applications.  The 
celebrated  Roman  alum,  made  from  aitun-'Stone,  a  felspathic  rock,  altered 
by  sulphurous  raponrs,  was  once  much  prized  on  aooount  of  its  fi-eedom 
from  this  imparity.  A  mixture  of  dried  alum  and  sugar,  carbonized 
in  an  open  pan,  and  then  heated  to  redness  in  a  glass  flask,  contact 
with  air  being  avoided,  furnishes  the  pyropfiorus  of  Homf}erg,  which 
ignites  spontaneously  on  exposure  to  the  atmosphere.  The  essential 
ingredient  is,  in  all  probability,  finely-divided  sulphide  of  potassium. 

SodcHxhan,  in  which  sulfate  of  soda  replaces  sulphate  of  potassa, 
has  a  form  and  constitution  similar  to  that  of  the  salt  described :  it  is, 
however,  much  more  soluble,  and  difficult  to  crystallize. 

AmmonicHjlumy  containing  NH^OySOg,  instead  of  KO^SOg,  very 
clodKly  resembles  common  potassa-alum,  having  the  same  fifi:ure, 
appearance,  and  constitution,  and  nearly  the  same  degree  of  solubility 
as  that  substance.  It  is  manufactured  for  commercial  use.  As  the 
value  of  potash  salts  is  ccmtinually  inci^easing,  ammonia-alum  which  in 
dying  may  be  used  with  the  same  advantage  as  tlie  corresponding 
potash  salt,  has  almost  entirely  replaced  the  potassaralum.  When 
heated  to  redness,  ammonia-alum  yidds  pure  alumina. 

Few  of  the  other  salts  of  alumina,  except  the  silicates,  piipsent 
points  of  interest :  these  latter  are  of  gi*eat  importance.  Silicates  of 
alumina  enter  into  the  composition  of  a  number  of  crystallized  mine- 
rals, among  w^hich  felspar  occupies,  by  reason  of  its  abundant  occur- 
rence, a  prominent  place.  Granite,  porphyry,  trachyte,  and  other 
ancient  unstratified  rocks,  consist  in  great  part  of  this  mineral,  which, 
under  peculiar  circumstances,  by  no  means  well  understood,  and  par- 
ticularly by  the  action  of  the  carbonic  add  of  the  air,  suffer  complete 
decomposition,  becoming  converted  into  a  soft,  friable  mass  of  earthy 
matter.  This  is  the  origin  of  clay :  the  change  itself  is  seen  in  gi-eat 
perfection  in  certain  districts  in  Devonshire  and  Cornwall,  the  felspar 
of  the  fine  white  granite  of  those  localities  being  often  disintej^rated  to 
on  extraordinary  depth,  and  the  rock  altered  to  a  substance  resembling 
soft  mortar.      By  washing,  this  finely-divided  matter  is  separated 
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from  the  quartz  and  mica,  and  the  milk-like  liquid,  being  collected 
m  tacks  and  suffered  to  stand,  deposits  the  suspended  day,  which  is 
afterwards  dried,  first  in  the  air  and  afterwards  in  a  stove,  and 
employed  in  the  manufacture  of  porcelain.  The  composition  asstgnei 
to  unaltered  felspar  is  Al^O^SSiO,  +  KO^iO,,  or  alum,  having  ^dc 
acid  in  the  place  of  sulphuric  The  exact  nature  of  the  change  by 
which  it  passes  into  porcelain  clay  is  unknown,  although  it  evidently 
consists  in  the  abstraction  of  silica  and  alkali. 

When  the  deoomposing  rock  contains  oxide  of  iron,  the  day  pro- 
duced is  coloured.  The  different  varieties  of  shale  and  slate  r^alt 
from  the  alteration  of  andent  clay-beda,  apparently  in  many  instances 
by  the  infiltration  of  water  holding  silica  in-  solution :  the  dark  ap- 
pearance of  some  of  these  deposits  is  due  to  bituminous  mattor. 

It  is  a  common  mistake  to  confound  clay  with  alumina:  all  days 
are  essentially  silicates  of  that  base ;  they  often  vary  a  good  deal  in 
composition.  Dilute  adds  exert  little  action  on  the&e  compounds; 
but  by  boiling  with  oil  of  vitriol,  alumina  is  dissolved  out,  and  finely- 
divided  silica  left  behind.  Clays  containing  an  admixture  of  carbo- 
nate of  lime  are  termed  tnaHs,  and  are  recognized  by  effervescing  with 
adds. 

A  basic  silicate  of  alumina,  2A\fi^f  ^^^»  ^  found  crystallized,  con- 
stituting the  beautiful  mineral  called  cyanite.  The  compounds  formed 
by  the  union  of  the  silicates  of  alumina  with  other  silicates  are  almost 
innumerable ;  a  soda-felspar,  albitet  containing  that  alkali  in  place  of 
potassa,  is  known,  and  there  are  two  somewhat  similar  litlUa-com- 
pounds,  spodumene  and  petalite.  The  zeolites  belong  to  this  class ; 
analcime,  nfpheltM,  mesetgpe,  &c.,  are  double  silicates  of  soda  and 
alumina,  with  water  of  crystal  lization .  Stilbite,  heulandite,  laumontite^ 
prehnite,  &c.,  consist  of  silicate  of  lime,  combined  with  silicate  of 
alumina.  The  garnets,  axinite,  mica,  &c.,  have  a  similar  composition, 
but  aie  anhydrous.  Sesquioxide  of  iron  is  very  often  substituted  for 
alumina  in  these  minerals. 


Salts  of  alumina,  when  moistened  with  nitrate  of  cobalt  and  heated 
before  the  blowpipe,  assume  a  characteristic  blue  colour. 

Alumina,  when  in  solution,  is  distinguished  without  diflSculty. 

Caustic  potassa  and  soda  occasion  white  gelatinous  precipitates  of 
hydrate  of  alumina,  fredy  soluble  in  excess  of  the  alkali. 

Ammonia  produces  a  similar  precipitate,  insoluble  in  excess  of  the 
reagent. 

The  alkaline  carbonates  and  carbonate  of  ammonia  precipitate  the 
hydrate,  with  escape  of  carbonic  acxi.  The  piedpitates  are  insoluble 
in  excess. 

BERYLLIUM  (GLUCINITII). 

This  metal  is  prepared  from  the  chloride  in  the  same  manner  as 
aluminium,  which  it  very  much  resembles  in  its  properties.    It  is  not 
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altered  when  exposed  to  the  air.  Eren  in  the  flame  of  the  blowpipe,  or 
in  oxjgen,  it  is  but  sh'ghtly  coated  with  a  thin  film  of  berylla.  Be* 
lyllinizi  is  malleable :  it  fuses  at  a  temperature  lower  than  the  fusing 
point  of  silver.     Its  sp.  gr.  is  2*  1. 

The  equivalent  of  beryllium  is  1*0,  and  the  symbol  Be. 

Bebtlla,  Be^Og,  is  a  rare  earth  found  in  the  enured,  heryl,  and 
enclose f  from  which  it  may  be  exti'acted  by  a  tolerably  simple  process. 
It  very  much  resembles  alumina,  but  is  distinguished  from  that  sub- 
stance by  its  solubility,  when  ireshly  precipitated,  in  a  cold  solution  of 
carbonate  of  ammonia,  from  which  it  is  again  thrown  down  on  boiling. 
The  salts  of  berylla  hare  a  sweet  taste,  whence  its  former  name 
gludna  {yXuxbs). 

YTTRIUM. 

The  metal  of  a  very  rare  earth,  yttria,  contained  in  a  few  scarce 
minerals.  The  name  is  derived  from  Ytterby,  a  place  in  Sweden, 
where  one  of  these,  gadolinite,  is  found.  It  is  obtained  from  the 
chloride  by  the  process  already  described :  it  resembles  in  character  the 
preceding  metal. 

Ordinary  yttria  is  stated  by  Professor  Mosander  to  be  a  mixture  of 
the  oxides  of  not  less  than  three  metals,  namely,  yttrium,  erbium,  and 
terbium,  wnich  differ  in  the  characters  of  their  salts,  and  in  other  par- 
ticulars. The  first  is  a  very  powerful  base,  the  two  othera  are  weak 
ones.     They  are  sep&rated  with  extreme  difficulty. 

GERIUH,  LANtHANIUM,  AND  DIDYMIUM. 

The  oxides  of  these  very  rare  metals  are  found  associated  in  ihe 
Swedish  mineral  cerite ;  the  equivalent  of  cerium  is  46,  and  its  symbol 
Ce.     This  metal  forms  a  protoxide  CeO,  and  a  s^uioxide  CejOg. 

The  crude  sesquioxide  of  cerium  obtained  by  precipitating  the  double 
sulphate  of  cerium  and  potassa,  directly  derived  from  cerite,  by  carbonate 
of  potassa,  has  been  diown  by  Mosander  to  contain,  in  addition  to 
sesquioxide  of  cerium,  the  oxides  of  two  other  metals,  to  which  the 
above  names  were  given.  After  ignitiouMt  is  red -brown.  The 
complete  separation  of  these  three  bodies  is  attended  with  the  greatest 
difficulty,  and  has  indeed  been  only  partially  accomplished.*  Oxide  of 
cerium  may  be  obtained  pure  by  heating  the  mixture  of  the  three 
oxides  first  with  diluted  and  afterwards  with  concentrated  nitric  acid, 
which  gradually  removes  the  whole  of  the  oxides  of  lanthanium  and 
didymium. 

The  yellow  oxide  of  cerium,  obtained  by  igniting  the  nitrate,  is  a 
mixture  of  proto-  and  sesqui>oxide,  which  are  extremely  difficult  to 
obtain  in  a  separate  stale.  The  salts  of  the  former  are  colourless, 
and  are  completely  precipitated  by  sulphate  of  potassa ;  the  saJphato 

*  A  synopsis  of  the  various  methods  for  the  separation  of  cerium,  lantha* 
n'mm,  and  didymium  has  been  given  by  Mr.  H.  Watts. — Chem.  Soc.  Quar. 
Jour.  IL  140. 
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of  the  gnqoioxide  is  yellow,  and  forms  a  beaatiful  double  lalt  wiih. 
sulphate  of  potassa,  which  is  decomposed  by  water.  The  metal  oeriam 
has  been  obtained  from  the  chloride  by  the  action  of  sodium. 

Oxide  of  lanthanium,  as  pure  as  it  has  been  obtained,  forms  a  t«tj 
pale  salmon-coloured  powder,  unchanged  by  ignition  in  open  or  dosn 
vessels.  In  contact  with  water  it  gives  a  snow-white  bulky  hydrate 
which  has  an  alkaline  reaction,  and  decomposes  ammoniacal  salts  by 
boiling.  Its  salts  are  crystallizable,  colourless,  sweet,  and  astringenty 
and  are  precipitated  by  sulphate  of  potassa. 

A  tolerably  pure  lanthanium  salt  may  be  obtained  by  slowly  crja- 
talliiing  an  acid  solution  containing  the  sulphates  of  lanthanium  and 
didymium,  picking  out  the  rose-coloured  crystals  (containing  didy- 
mium),  and  the  violet  ones  (containing  lantlianium  and  didymium), 
adding  the  solution  of  the  latter  to  the  mother-liquor,  and  repeating 
the  process.  In  this  manner  the  whole  of  the  didymium  salt  may  be 
finally  separated  by  crystallization.  Metallic  lanthanium  is  prepaid 
•  like  cerium. 

The  occasional  brown  colour  of  ci*ude  oxide  of  cerium  is  due  to  oxide 
of  didymium.  In  a  pure  state,  it  forms  a  brown  powder,  soluble  in 
acids,  and  genemting  a  series  of  red  crystallizable  salts,  from  which 
caustic  potassa  precipitates  a  violet-blue  hydrate,  quickly  changing  by 
exposure  to  the  air.  It  communicates  to  glass  an  amethystine  colour. 
The  atomic  weight  of  didymium  is  48. 

ZiROONimc 

Prepared  by  heating  the  double  fluoride  of  zirconium  and  potaaiam 
with  potassium,  and  separating  the  salt  with  cold  water.  The  metal 
is  black,  and  acquires  a  feeble  lustre  when  burnished.  It  takes  fire 
when  heated  in  the  air. 

The  equivalent  of  zirconium  is  33*6,  and  its  symbol  Zr. 

ZiRco^fiA,  ZrgO,,  is  a  rare  eaHh,  very  closely  resembling  alumina, 
found  together  with  silica,  in  the  mineral  ziram.  The  salts  are 
colourless  and  have  an  astringent  taste. 

Svanberg  has  rendered  it  probable  that  an  undescribed  metallic  oxide 
exists  in  certain  varieties  of  zircon,  for  the  metal  of  which  he  proposes 
the  name  of  norium. 

THORIUM. 

The  metal  of  an  earth  from  a  very  rare  mineral  thorite ;  it  agrees  in 
character  with  aluminium,  and  is  obtain^  by  similar  means. 

The  equivalent  of  thorium  is  59  •  6,  and  its  symbol  Th. 

TiiORiA,  ThO,  is  remarkable  for  its  great  specific  gravity,  and  is 
otherwise  distinguished  by  peculiar  prepertiei  which  separate  it  from 
all  other  substances. 
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Manufaciwre  of  Glass,  Porcelain,  and  EariKenware. 

OULSS. — Glass  16  a  mixtore  of  rarioas  insoluble  lilicates,  with  ez- 
of  siUca,  altogether  destitute  of  crystalline  structure:  the  simple 
silicates,  formed  by  fusing  the  bases  with  silicic  acid  in  equivalent 
propoi-tions,  rery  often  crystallize,  which  happens  also  with  the  greater 
number  of  the  natural  silicates  included  among  the  earthy  minerals. 
Compoands  identical  with  some  of  these  are  also  occasionally  formed  in 
artificial  processes,  where  large  masses  of  melted  glassy  matter  are 
snffisred  to  cool  slowly.  The  alkaline  silicates,  when  in  a  state  of 
fusion,  have  the  power  of  dissolving  a  lar^  quantity  of  silica. 

Two  principal  varieties  of  glass  are  met  with  in  comm<*rce,  namely, 
glass  composed  of  silica,  alkali,  and  lime,  the  glass  containing  a  large 
proportion  of  silicate  of  lead ;  crown  and  pUite  glass  belong  to  the 
former  division ;  flint  glass,  and  the  material  of  artificial  gems,  to 
the  latter.  The  lead  promotes  fusibility,  and  confers  also  density  and 
lustre.  Common  green  bottle-glass  contains  no  lead,  but  much  silicate 
of  black  oxide  of  iron,  derived  from  the  impure  materials.  The  prin- 
ciple of  the  glass  manufacture  is  very  simple.  Silica,  in  the  shape  of 
sand,  is  heated  with  carbonate  of  potassa  or  soda,  and  slacked  lime  or 
oxide  of  lead ;  at  a  high  temperature,  fusion  and  combination  occur, 
and  the  carbonic  acid  is  expelled.  Glauber's  salt  mixed  with  charcoal 
is  sometimes  substituted  for  soda.  When  the  melted  mass  has  become 
perfectly  clear  and  free  from  air-bubbles,  it  is  left  to  cool  until  it 
a^umes  the  peculiar  tenacious  condition  proper  for  working. 

■The  operation  of  fusion  is  conducted  in  large  crucibles  of  refractory 
fire-day,  which  in  the  case  of  lead-glass  are  covered  by  a  dome  at  the 
top,  and  have  an  opening  at  the  side  by  which  the  materials  are  intro- 
duced, and  the  melted  glass  withdrawn.  Great  care  is  exercised  in  the 
choice  of  the  sand,  which  must  be  quite  white  and  free  from  oxide  of 
iron.  Ked-lead,  one  of  the  higher  oxides,  is  preferred  to  litharge, 
although  immediately  reduced  to  protoxide  by  the  heat,  the  liberated 
oxygen  serving  to  destroy  any  combustible  matter  whioii  might  acd- 
dentaUy  find  its  way  into  the  crucible,  and  stain  the  glass  by  i^ucing 
a  portion  of  the  lead.  Potassa  gives  a  better  glass  than  soda,  although 
the  latter  is  very  generally  employed,  from  its  lower  price.  A  certain 
proportion  of  broken  and  waste  glass  of  the  same  kind  is  always  added 
to  the  other  materials. 

Articles  of  blown  glass  are  thus  made : — The  workman  begins  by 
collecting  a  proper  quantity  of  soft,  pasty  glass  at  the  end  of  his  6/010- 
pipe,  an  iron  tube,  five  or  six  fiset  in  length,  terminated  by  a  mouth- 
piece of  wood ;  he  then  commences  blowing,  by  which  the  lump  is 
expanded  into  a  kind  of  flask,  susceptible  of  having  its  form  modified 
by  the  position  m  which  it  is  held,  and  the  velocity  of  rotation  con- 
tinually given  to  the  iron  tube.  If  an  open-mouthed  vessel  is  to  be 
made,  an  iron  rod,  called  a  porUil  or  puntil,  is  dipped  into  the  glass  pot 
and  applied  to  the  bottom  of  the  flask,  to  which  it  thus  serves  as  a 
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handle,  the  blowpipe  being  removed  by  the  application  of  a  cold  iron  to 
the  neck.     The  vessel  is  then  re-heated  at  a  hole  left  for  the  parpose 
in  the  wall  of  the  furnace,  and  the  aperture  enlarged,  and  the  veaBel 
otherwise  altered  in  figure  by  the  aid  of  a  few  simple  tools,  until  oom* 
pleted.     It  is  then  detadie>l,  and  carried  to  the  annealing  oven,  where 
it  undergoes  slow  and  gradual  cooling  during  many  hours,  the  object  ci 
which  is  to  obviate  the  excessive  brittleneas  always  exhibited  by  glass 
which  has  been  quickly  cooled.    The  large  circular  tables  of  crown 
glass  are  made  by  a  veiy  curious  process  of  this  kind:  the  globular 
Bask  at  first  produced,  transferred  from  the  blowpipe  to  the  pontiU  ia 
suddenly  made  to  assume  the  form  of  a  flat  disc  by  the  centrifugal 
force  of  the  rapid  rotatory  movement  given  to  the  rod.     Plate-glass  is 
cast  upon  a  flat  metal  table,  and  af\er  veiy  carefnl  annealing,  grouzid 
true  and  polished  by  suitable  machineiy.     Tubes  are  made  by  rapidly 
drawing  out  a  hollow  cylinder;  and  from  these  a  great  variety  of 
useful  small  apparatus  may  be  constructed  with  the  help  of  a  lamp 
and  blowpipe,  or,  still  better,  the  bellows-table  of  the  barometer- 
maker.    Small  tubes  may  be  bent  in  the  flame  of  a  s[Hrit-lamp  or  g»s» 
jet,  and  cut  with  great  ease  by  a  file,  a  scratch  being  made,  and  the  two 
poitions  pulled  or  broken  asunder  in  a  way  easily  learned  by  a  few  trials. 
Specimens   of  the  two  chief  varieties  of  glass  gave  the   following 
results  on  analysis: 


Bohemian  plate-glass  (excellent).* 
Silica  .  .  .  60-0 
Potassa .  .  .  25-0 
Lime         .        .         .     12*5 

97 '5 


EngUch  fllntFglas8.t 
Silica       .        .        .     51*93 
Potassa        .         .        13*77 
Oxide  of  lead    .        .     33*28 


98*98 


The  difficultly-fusible  white  Bohemian  tube,  so  invaluable  in  organic 
analysis,  has  been  found  to  contain,  in  100  paits — 

Silica 72-80 

Lime,  with  trace  of  alumina    .        .  9  *  68 

Magnesia *40 

Potassa 16*80 

Traces  of  manganese,  &c.,  and  loss  *32 

Different  colours  are  ollen  communicated  to  glass  by  metallic  oxides. 
Thus,  oxide  of  cobalt  gives  deep  blue ;  oxide  of  manganese,  amethyst ; 
suboxide  of  copper^  ruby-red ;  black  oxide  of  copper,  green  ;  the  oxides 
of  iron,  dull  green  or  brown,  &c.  These  are  either  added  to  the 
melted  contents  of  the  glass-pot,  in  which  they  dissolve,  or  applied  in 
a  particular  manner  to  the  surface  of  the  plate  or  otiier  object,  which 
is  then  re-heated,  until  fusion  of  the  colouring  matter  occurs :  such 
is  the  pi^actice  of  enamelling  and  glass-painting.  An  opaque  white 
appearance  is  given  by  oxide  of  tin ;  the  enamel  of  watch-^&oes  ia  thus 
prepared. 

*  Mitscherlich,  Uhrboch,  U.  187.  f  Faradsy. 
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When  silica  is  melted  with  twice  its  weight  of  carbonate  of  potassa 
€r  soda,  and  the  product  treated  with  water,  the  greater  pert  dissolves, 
jrieldji^  a  solution  from  which  acids  precipitate  gelatinous  silica.  This 
is  the  xfluMe  glass  of  Professor  Fuchs :  its  solution  has  been  used  for 
rendering  munlin  and  other  fobrics  of  cotton  or  linen  less  oombustible, 
and  lately  for  protecting  fresco-paintings  from  the  effects  of  atmo- 
sipheric  moisture. 

Porcelain  and  earthsnware. — ^The  plasticity  of  natural  clays, 
and  their  hardening  when  exposed  to  heat,  are  properties  which  sug- 
gested  in  very  early  times  their  application  to  the  making  of  veseieU  for 
the  Tarious  purposes  of  daily  life:  there  are  few  branches  of  industry 
of  higher  antiquity  than  that  exercised  by  the  potter. 

True  porcelain  is  distinguished  from  earthenware  by  very  obvious 
characters.  In  porcelain  the  ()od^  of  the  ware  is  very  compact  and 
translucent,  and  breaks  with  a  conchoidal  fracture,  symptomatic  of  a 
comnoencement  of  fusion.  The  glaze,  too,  applied  for  giving  a  per- 
fectly-smooth  surface,  is  closely  adherent,  and  in  fact  gi'aduates  by 
insoistble  degrees  into  the  substance  of  the  body.  In  earthenware,  oa 
the  contrary,  the  fracture  is  open  and  earthy,  and  the  glaze  detachable 
with  greater  or  less  facility.  The  compact  and  partly  glassy  character 
of  porcelain  is  the  result  of  the  admixture  with  the  clay  of  a  snudl 
portion  of  some  substance,  fusible  at  the  temperature  to  which  the 
ware  is  exposed  when  baked  or  fired,  and  which,  absorbed  by  the  more 
infusible  portion,  binds  the  whole  into  a  solid  mass  on  cooling :  such 
substances  are  found  in  felspar,  and  in  a  small  admixture  of  silicate  of 
lime,  or  alkali.  The  day  employed  in  porcelain-making  is  always 
dinctly  derived  from  decomposed  felspar,  n6ne  of  the  days  of  the 
secondary  strata  being  pure  enough  for  the  purpose :  it  must  be  white, 
and  iinee  from  oxide  of  iron.  To  diminish  the  contraction  which  this 
snbstance  undergoes  in  the  fire,  a  quantity  of  finely-divided  silica, 
carefully  prepared  by  crushing  and  grinding  calcined  flints  or  chert,  is 
added,  together  with  a  proper  propoition  of  felspar  or  other  fusible 
material,  also  reduced  to  impalpable  powder.  The  utmost  peins  are 
taken  to  effect  perfect  uniformity  of  mixture,  and  to  avoid  the  intro- 
duction of  particles  of  grit,  or  other  foreign  bodies.  The  ware  itself 
is  fashioned  either  on  the  potter's  wheel — a  kind  of  vertical  lathe — 
or  in  moulds  of  plaster  of  Paris,  and  dried,  first  in  the  air,  afterwards 
by  artificial  heat,  and  at  length  completely  hardened  by  exposure  to 
the  temperature  of  ignition.  The  porous  btscuit  is  now  fit  to  i-eceive  its 
glaze,  whicB  may  be  either  ground  felspar,  or  a  mixture  of  gypsum, 
silica,  and  a  little  porcelain  cby,  diffused  through  water.  The  piece  is 
dipped  for  a  moment  into  this  mixture,  and  withdrawn ;  the  water 
sinks  into  its  substance,  and  the  powder  remains  evenly  spread  upon  its 
snr&ce ;  it  is  once  more  dried,  and,  lastly,  fired  at  an  exceedingly  high 
temperature. 

The  poi^oelain-fumaoe  is  a  drcular  structure  of  masoniy,  having 
several  tire-places,  and  surmounted  by  a  lofly  dome.    Dry  wood  or  cool. 
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is  consumed  as  fuel,  and  Its  flame  direct<H]  into  the  interior,  and  made 
to  circulate  around  and  among  the  earthen  cases,  or  sugars,  in  which 
the  articles  to  be  fired  are  packed.  Many  hours  are  required  for  thb 
operation,  which  must  be  very  carefully  managed.  After  the  lapse  of 
several  days,  when  the  furnace  has  completely  cooled,  the  contents  are 
removed  In  a  finished  state,  so  far  as  r^rds  the  ware. 

The  ornamental  part,  consisting  of  gilding  and  painting  in  enamel, 
has  yet  to  be  executed,  after  which  the  pieces  are  again  heated,  in  order 
to  flux  the  colours.  The  operation  has  sometimes  to  be  repeated  more 
than  once. 

The  manufacture  of  porcelain  in  Europe  is  of  modem  origin :  the 
Chinese  have  possessed  the  art  from  the  oommenoement  of  the  seventh 
century,  and  their  ware  is,  in  some  respects,  altogether  unequalled. 
The  materials  employed  by  them  are  known  to  be  hcuAin^  or  decom  - 
posed  felspar;  petitntze,  or  quartz  reduced  to  flne  powder;  and  the 
ashes  of  fern,  which  contain  carbonate  of  potassa. 

Stoneware. — This  is  a  coarse  kind  of  porcelain,  made  from  clay, 
containing  oxide  of  iron  and  a  little  lime,  to  which  it  owes  its  partial 
fusibility.  The  glazing  is  performed  by  throwing  common  salt  into 
the  healed  furnace :  this  is  volatilized,  and  decomposed  by  the  joint 
agency  of  the  silica  of  the  ware,  and  of  the  vapour  of  water  always 
present ;  hydrochloric  acid  and  soda  ai%  produced,  the  latter  formii^ 
a  silicate,  which  fuses  over  the  sur£EU»  of  the  ware,  and  gives  a  thin, 
but  excellent  glaze. 

Earthenware. — ^The  finest  kind  of  earthenware  is  made  from  a 
white  secondary  clay,  mixed  with  a  considerable  quantity  of  silica. 
The  articles  are  thoroughly  dried  and  fired,  after  which  they  are 
dipped  into  a  readily-fusible  gla^  mixture,  of  which  oxide  of  lead  is 
usually  an  important  ingredient,  and,  when  dry,  reheated  to  the 
point  of  fusion  of  the  latter.  The  whole  process  is  much  easier  of 
execution  than  the  making  of  porcelain,  and  demands  less  care.  The 
ornamental  designs  in  blue  and  other  colours,  so  oommon  upon  plates 
and  household  articles,  are  printed  upon  paper  in  enamel  pigment, 
mixed  with  oil,  and  transferred,  w^hlle  still  wet,  to  the  unglazed  ware. 
When  the  ink  becomes  dry,  the  paper  id  washed  off,  and  the  glazing 
completed. 

The  coarser  kinds  of  earthenware  are  sometimes  covered  with  a 
whitish  opaque  glaze,  which  contains  the  oxides  of  lead  and  tin: 
such  glaze  Is  very  liable  to  be  attacked  by  acids,  and  is  dangerous  for 
culinary  vessels. 

Crucibles,  when  of  good  quality,  are  very  valuable  to  the  practical 
chemist.  They  are  made  of  clay  free  from  lime,  mixed  with  sand  or 
ground  ware  of  the  same  description.  The  Hessian  and  Cornish  cru- 
cibles are  among  the  best.  Sometimes  a  mixture  of  plumbago  and 
clay  is  employed  for  the  same  purpoM ;  and  powdered  coke  has  been 
also  used  with  the  earth :  such  crucibles  bear  rapid  changes  of  tempe* 
reture  with  impunity. 
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SECTION  IV. 

OXIDABLE  METALB  PBOPEB,  WHOSE  OXIDES  FOBM 

POWERFUL  BASES. 


MANGANESE. 

Manganrse  is  tolerably  abundant  in  nature  in  an  oxidized  state, 
forming,  or  entering  into  the  composition  of,  several  interesting  mine» 
raU.  Traces  of  this  substance  are  rerj  fi*eqaently  found  in  the  ashes 
of  plants. 

Metallic  manganese,  or  perhaps,  strictly,  carbide  of  manganese,  may 
be  prepared  by  the  following  process.  The  carbonate  is  calcined  in 
an  open  vecssel,  by  which  it  becomes  conrerted  into  a  dense  brown 
powder :  this  is  intimately  mixed  with  a  little  charcoal,  and  about  one- 
tenth  of  its  weight  of  anhydrous  borax.  A  charcoal  crucible  is  next 
prepared  by  filling  a  Hessian  or  Cornish  crucible  with  moist  charcoal 
powder,  introduced  a  little  at  a  time,  and  rammed  as  hard  as  possible. 
A  smooth  cavity  is  then  scooped  in  the  oenti'e,  into  which  the  above- 
mentioned  naixture  is  compressed,  and  covered  with  charcoal-powder. 
The  lid  of  the  crucible  is  then  fixed,  and  the  whole  arranged  in  a  very 
powerful  wind-fumaoe.  The  heat  is  slowly  raised  until  the  crucible 
becomes  red-hot,  after  which  it  is  ni'ged  to  its  maximum  for  an  hour 
or  more.  When  cold,  the  crucible  is  broken  up,  and  the  metallic 
button  of  manganese  extracted. 

Deville  has  lately  prepared  pure  manganese  by  reducing  pure  oxide 
of  manganese  by  means  of  an  insufficient  quantity  of  sugar  charcoal  in 
a  crucible  made  of  caustic  lime.  Thus  prepared  metallic  manganese 
possesses  a  reddish  lustre  like  bismuth  :  it  is  very  hard  and  brittle,  and, 
whoi  powdered,  decomposes  water,  even  at  the  lowest  temperature. 
Dilute  sulphuric  acid  dissolves  it  with  great  enei-gy,  evolving  hydrogen. 
Brunner  produced  metallic  manganese  from  fluoride  of  manganese  and 
sodium  by  means  of  sodium.  The  metal  obtained  by  this  pi'ocess 
scratches  glass  and  hardened  steel,  and  has  a  sp.  gr.  of  7 '  13. 

The  equivalent  of  manganese  is  27*5 ;  its  symbol  is  Mn. 

Oxides  of  Manganese, — Seven  different  oxides  of  this  metal  are 
described,  but  two  out  of  the  number  are,  probably,  secondary  com- 
pounds. 

Protoxide     ....       MnO 
Sesquioxide         .  .  .  MngOg 

Binoxide      ....      MnO^ 
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Proto-flesquicndde  (red-oxide)      .  MngO^sMnOyMDjO, 

Varvicite     ....  Mn^O,  =  Mn^O„2MnOe 

Manganic  acid     .  .  .  MnO, 

Permanganic  acid     .  .  .  MOfOy. 

Protoxide,  MnO. — When  carbonate  of  manganese  is  heated  in  a 
stream  of  hydrogen  gas,  or  of  vapour  of  water,  the  carbonic  acid  is 
disengaged,  and  a  green^coloured  powder  left  behind,  which  is  the  prot- 
oxide. Prepared  at  a  dull  i-cd-heat  only,  the  protoxide  is  so  prone  to 
absorb  oxygen  from  the  air,  that  it  cannot  be  removed  from  the  tube 
without  change ;  but  when  made  at  a  higher  temperature,  it  appears 
more  stable.  This  oxide  is  a  very  powerful  base,  being  isomorphoos 
with  magnesia  and  protoxide  of  zinc ;  it  dissolves  quietly  in  dilute 
ackls,  neutralizing  them  completely  and  forming  salts,  which  have  often 
a  beautiful  pink  colour.  When  alkalis  are  added  to  solutions  of  these 
compounds  the  white  hydrated  oxide  first  precipitated  speedily  becomes 
brown  by  passing  into  a  higher  state  of  oxidation. 

Sesquioxide,  MngOg. — ^This  compound  occurs  in  nature  as  braunite, 
and  in  the  state  of  hydrate  as  manganite :  a  very  beautiful  crystallized 
variety  is  found  at  llefeld,  in  the  Uartz.  It  is  produced  artificially,  by 
ex]tosing  to  the  air  the  hydrated  protoxide,  and  forms  the  prim-ipal  part 
of  the  residue  left  in  the  iron  retort  when  oxygen  gas  is  prepared  by 
exposing  the  native  binoxide  to  a  moderate  red-heat.  The  colour  of  the 
sesquioxide  is  brown  or  black,  according  to  its  origin  or  mode  of  prepara- 
tion. It  is  a  feeble  base,  isomorphous  with  alumina ;  for,  when  gently 
heated  with  diluted  sulphuric  acid,  it  dissolves  to  a  red  liquid,  which, 
on  the  addition  of  sulphate  of  potassa  or  of  ammonia,  deposits  octa- 
hedral crystals  having  the  constitution  of  comm(»i  alum :  these  are, 
how^ever,  decomposed  by  water.  Strong  nitric  acid  resolves  this  oxide 
into  a  mixture  of  protoxide  and  binoxide,  the  former  dissolving,  and 
the  latter  remaining  unaltered ;  while  hot  oil  of  vitriol  destroys  it  by 
forming  sulphate  of  the  protoxide,  and  liberating  oxygen  gas.  Heated 
with  hydrochloric  add,  chlorine  is  evolved,  as  with  the  binoxide,  but 
to  a  smaller  extent. 

Binoxide,  MnO^,  pyrolusite. — -The  most  common  ore  of  mangan<9e : 
it  is  found  both  massive  and  crystallized.  It  may  be  obtained  arti- 
6clally  in  the  anhydrous  state  by  gently  calcining  the  nitrate,  or  in 
combination  with  water,  by  adding  solution  of  bleadiing-powder  to  a 
salt  of  the  protoxide.  Binoxide  of  manganese  has  a  black  colour,  is 
insoluble  in  water,  and  refuses  to  unite  with  acids.  It  is  decomposed 
by  hot  hydrochloric  acid  and  by  oil  of  vitriol  in  the  same  manner  as 
the  sesquioxide. 

As  this  substance  is  an  ai*ticle  of  commerce  of  considerable  import- 
ance, being  used  in  very  large  quantity  for  making  chlorine,  and  as  it 
is  subject  to  great  alteration  of  value  from  an  admixture  of  the  sesqui- 
oxide and  several  impurities,  it  betimes  desirable  to  possess  means 
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of  anaylnc^  difierent  samples  that  tdbj  be  presentedt  wiCh  a  yiew  of 
testing  their  fitness  for  the  parpoees  of  the  manufocturer.  One  of 
the  beist  and  most  conrenieut  methods  is  the  following: — 50  grains 
of  the  mineral,  reduced  to  very  fine  powder,  are  put  into  the  little 
reael  employed  in  the  aualydis  of  carbonatee,*^  tegether  with  about 
half  an  ounce  of  cold  water,  and  100  graine  of  strong  hydi-ochloric 
add:  50  grains  of  crystallised  oxalic  acid  are  then  added,  tlie  cork 
carrying  the  chloride  of  calciam  tube  is  fitted,  and  the  whole  quickly 
weighed  or  counterpoised.  The  application  of  a  gentle  heat  sufHces 
to  determine  the  action ;  the  disengaged  dilorine  converts  the  oxalic 
acid  into  carbonic  add,  with  the  help  of  the  elements  of  water,  two 
equivalents  of  carbonic  acid  representing  one  of  chlorine,  and  conse* 
quently  one  of  binoxide  of  manganese.  Now,  the  equivalent  of  the 
Utter  substance,  43 '6,  is  so  nearly  equal  to  twice  that  of  carbonic 
acid,  22,  that  the  loss  of  weight  suffered  by  the  apparatus  when  the 
reaction  has  become  complete,  and  the  residifid  gas  has  been  driven  c6f 
by  momentary  ebullition,  may  be  taken  to  represent  the  quantity  of 
rettl  binoxide  in  the  50  grains  of  the  sample.  It  is  obvious  that  the 
little  apparatus  of  Will  and  Freseniua,  described  at  page  289,  may  also 
be  used  with  advantage. 

Red  oxide,  Mn304,  or  probably  MnO+MnfOj. — This  oxide  is  also 
found  native,  as  hausmannite,  and  is  produced  artificially  by  heating 
to  whiteness  the  binoxide  or  sesquioxide,  or  by  exposing  the  protoxide 
or  carbonate  to  a  red-heat  in  an  open  vessel.  It  is  a  reddish-brown  sub« 
stance,  incapable  of  forming  saltx,  and  acted  upon  by  acids  in  the  same 
manner  as  the  two  higher  oxides  already  described.  Borax  and  glass 
in  a  fua<<l  state  dissolve  this  substance,  and  acquire  the  colour  of  the 
amethyst. 

Yarvicite,  Hn^O^,  or  Mn^Og-f  2Mn02. — A  natural  production, 
discovered  by  Mr.  Phillips,  among  certain  specimens  of  manganese-ore 
from  Warwickshire :  it  has  also  been  found  at  Ilefeld.  It  much  re- 
sembles the  binoxide,  but  is  harder  and  more  brilliant,  and  contains 
water.  By  a  strong  heat,  varvidte  is  converted  into  red  oxide,  with 
disengagement  of  aqueous  vapour  and  oxygen  gas. 

Chloride  of  uamganese,  MnCl.-^This  salt  may  be  prepared 
in  a  state  of  purity  from  the  dark-brown  liquid  residue  of  the  pre* 
jaration  of  chlorine  from  binoxide  of  manganese  and  hydrochloric 
acid,  which  o(^n  accumulates  in  die  laboratory  to  a  considerable 
extent  in  the  course  of  investigation:  from  the  pure  chloride,  the 
carbonate  and  all  other  salts  can  be  conveni«itiy  obtained.  The 
liquid  referred  to  consists  chiefly  of  the  mixed  chlorides  of  manganese 
and  iron:  it  is  filtered,  evaporated  to  perfect  diyness,  and  then  slowly 
heated  to  dull  ignition  in  an  earthen  vessel,  with  constant  stirring. 
The  chloride  of  iron  is  thus  either  volatilized  or  converted  by  the  re- 
maining water  into  insoluble  sesquioxide,  while  the  manganese-salt 

•  See  p.  288. 
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is  anaflected.  Oq  treating  the  greyish-looking  pOwder  thus  obtained 
with  water,  the  chloride  of  manganese  is  dissolved  out,  and  may  be 
separated  by  filtration  from  the  sesquioxide  of  iron,  ^ould  a  trace 
of  the  latter  yet  remain,  it  may  be  got  rid  of  by  boiling  the  liquid  for 
a  few  minutes  with  a  little  carbonate  of  manganese.  The  solution  of 
chloride  has  usually  a  delicate  pink  colour,  which  becomes  very  mani- 
fest when  the  salt  is  evaporated  to  dryness.  A  strong  solution  deposits 
rose-coloured  tabular  ciystals,  which  contain  4  equivalents  of  water; 
these  are  veiy  soluUe  and  deliquescent.  The  chloride  is  fusible  at 
a  red-heat,  is  decomposed  slightly  at  that  temperature  by  contact  of 
air,  and  is  dissolved  by  alcohol,  with  which  it  forms  a  crystallizable 
compound. 

Sesquichlortde,  Mn^Clg. — When  precipitated  sesquioxide  of  man- 
ganese is  put  into  cold  dilute  hydrochloric  acid,  it  dissolves  quietly, 
forming  a  i-ed  solution  of  sesquichloride.  Heat  disengages  chlorine, 
and  occasions  the  production  of  protochloride. 

Sulphate  op  pkotoxide  op  MANaANh:8E,  MnO,SO,+7HO. — 
A  beautiful  rose-coloured  and  veiy  soluble  salt,  isomorphous  with 
sulphate  of  magnesia.  It  is  prepared  on  a  lai^e  scale  for  the  use  of 
the  dyer,  by  heating,  in  a  close  vessel,  binozide  of  manganese  and 
coal,  and  dissolving  the  impure  pi-otoxide  thus  obtained  in  sulphuric 
acid,  with  the  addition  of  a  little  hydrochloric  acid  towards  the  end 
of  the  process.  The  solution  is  evaporated  to  dryness,  and  again 
ex]K)£ed  to  a  red-heat,  by  which  the  sulphate  of  sesquioxide  of  iron  is. 
decomposed.  Water  then  dissolves  out  the  pure  sulphate  of  manganese, 
leaving  the  sesquioxide  of  iron  behind.  The  salt  is  used  to  produce  a 
permanent  brown  dye,  the  cloth  steeped  in  the  solution  being  afto*- 
wai-ds  passed  through  a  solution  of  bleaching  powder,  by  whidi  the 
protoxide  is  changed  to  insoluble  hydrate  of  the  binoxide.  Sulphate  of 
manganese  sometimes  ciystallizes  with  five  equivalents  of  water.  It 
foims  a  double  Rait  with  sulphate  of  potassa. 

Carbonate  of  manganese.'— Prepared  by  precipitating  the  proto- 
chloride by  an  alkaline  carbonate.  It  is  an  insoluble  white  powder, 
sometimes  with  a  buff-coloured  tint.  Exposed  to  heat,  it  loses  carbonic 
acid  and  absorbs  oxygen. 

Manganic  acid,  MnO,. — ^When  an  oxide  of  manganese  is  fused 
with  an  alkali,  an  additional  quantity  of  oxygen  is  taken  up  from  the 
air,  and  a  deep-green  saline  mass  results,  which  contains  a  salt  of  the 
new  acid,  thus  formed  under  the  influence  of  the  base.  The  addition 
of  nitre,  or  chlorate  of  potassa,  facilitates  the  pi-oduction  of  manganic 
acid.  Water  dissolves  this  compound  very  I'^dily,  and  the  solution, 
concentrated  by  evaporation  in  vacuOf  yields  green  crystals. 

Permanganic  acid,  Mn^O^. — When  manganate  of  potassa,  free 
from  any  great  excess  of  alkali,  is  put  into  a  large  quantity  of  water, 
it  is  resolved  into  hydrated  binoxide  of  manganese,  which  subsides, 
and  a  deep-purple  liquid,  containing  permanganate  of  potassa.  This 
effect  is  accelerated  by  heat.    The  changes  of  colour  accompanying 
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this  decomposition  are  vnry  remarkable,  and  have  procared  for  the 
sabstanoe  the  name  mineral  chameleon;  excess  of  alkali  hinders,  in 
some  measure,  the  reaction,  by  conferring  greater  stability  on  the 
manganate.  Permanganate  of  potassa  is  ea^j  prepared  on  a  con* 
Bklenibie  scale.  Equal  parts  of  very  finely-powdered  binoxide  ot 
manganese  and  chlorate  of  potassa  are  mixed  with  rather  more  than 
one  part  of  hydrate  of  potassa  dissolved  in  a  little  water,  aod  the 
whole  exposed,  after  evaporation  to  dryness,  to  a  tanperature  just  short 
of  ignition.  The  mass  is  treated  with  hot  water,  the  insoluble  oxide 
separated  by  decantation,  and  the  deep  parple  liquid  concentrated  by 
iieat,  until  crystals  form  upon  its  surface :  it  is  then  left  to  cool.  The 
crystals  have  a  dark-purple  oolour,  and  are  not  very  soluble  iu  cold 
water.  The  manganates  aud  permanganates  are  decomposed  by  contact 
with  organic  matter :  the  former  are  said  t^  be  isomorphous  with  the 
sulphates,  and  the  latter  with  the  perchlorates.  The  green  and  red 
disinfecting  agents,  known  as  Condy's  fluids,  are  alkaline  manganates 
and  permanganates. 


Salts  of  the  protoxide  of  manganese  are  very  easily  distinguished  by 
reagents. 

The  fixed  caustic  alkalis,  and  ammonia,  give  white  precipitates,  in* 
soluble  in  excess,  quickly  becoming  brown. 

llie  carbonates  of  the  fixed  alkalis,  and  carbonate  of  ammonia,  give 
white  precipitates,  but  little  subject  to  change,  and  insoluble  in  excess 
of  carbonate  of  ammonia. 

Sulphuretted  hydrogen  gives  no  precipitate,  but  sulphide  of  am- 
monium throws  down  insoluble,  fiesh-ooloui'ed  sulphide  of  manganese, 
which  is  very  characteristic 

Ferrocyanide  of  potassium  gives  a  white  precipitate. 

Macganese  is  also  easily  detected  by  the  blow-pipe:  it  gives  with 
borax  an  amethy&t-coloured  bead  in  the  outer  or  oxidizing  flame,  and 
a  colourless  one  in  the  inner  flame.  Heated  upon  platinum  foil  with 
carbonate  of  soda,  it  yields  a  green  mass  of  manganate  of  soda. 

IRON. 

This  is  by  very  far  the  most  important  member  of  the  group  of 
metals  under  discussion :  there  are  few  substances  to  which  it  yields  in 
interest,  when  it  is  considered  how  very  intimately  the  knowledge  of 
the  properties  and  uses  of  iron  is  connected  with  human  civilization. 

Metallic  iron  is  of  exceedingly  rare  occurrence :  it  has  been  found  at 
Canaan,  in  Connecticut,*  forming  a  vein  about  two  inches  thick  in 
mica-slate ;  but  it  invariably  enters  into  the  composition  of  those  ex- 
tZBordinary  stones  known  to  fall  from  the  air,  called  meteorites. 
Isolated  masses  of  soft  malleable  iron  also,  of  hu-ge  dimensions,  lie  loose 

•  Phillips'  •  MlnenOogy/  4th  edit,  p.  208. 
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upon  the  surface  of  the  earth  in  SMrtfa  America  and  elaewhere,  and  are 
pi-e«umed  to  have  had  a  sunilar  origin :  theM  latter  contain,  in  comnioii 
with  the  iron  of  the  undoubted  meteorites,  nickel.  In  an  oiidized 
condition,  the  presence  of  iron  may  be  said  to  be  universal :  it  con- 
btitutes  a  great  |Art  of  the  common  colouring  matter  of  rocks  and  soils ; 
U  is  contained  in  plants,  and  forms  an  essential  component  of  the  blood 
of  the  animal  body.  In  the  state  of  bisulphide  it  is  also  very  comman. 
Pure  iron  may  be  prepared,  according  to  Mitscherlich,  by  iutroductng 
into  a  Hessian  crucible  4  parts  of  fine  iron  wire  cut  somll,  and  1  part 
of  black  oxide  of  iron.  This  is  covered  with  a  mixture  of  white  sand, 
lime,  and  carbonate  of  potassa,  in  the  propoi-tions  used  for  glass-making; 
and  a  cover  being  closely  applied,  the  crucible  is  exposed  to  a  very  high 
degree  of  heat.  A  button  of  pure  metal  is  thus  obtained,  the  traces  of 
carbon  and  silicium  present  in  the  wire  having  been  removed  by  the 
oxygen  of  the  oxide. 

Pure  iron  has  a  white  colour  and  perfect  lustre :  it  is  extremely  soli 
and  tough,  and  has  a  speciHc  gra>ity  of  7*8.  The  crystalline  form  is 
probably  the  cube,  to  judge  from  appearances  now  and  then  exhibited. 
In  good  bar-iron  or  wire  a  distinct  fibrous  texture  may  always  be 
observed  when  the  metal  has  been  attarked  by  rusting  or  by  the  ap- 
plication of  an  acid,  and  upon  the  perfection  of  this  fibre  mudi  ot  its 
strength  and  value  depends.  Iron  is  the  most  tenacious  of  all  the 
metals,  a  wire  ^  of  an  inch  in  diameter  bearing  a  weight  of  60  lbs.  It 
is  very  difficult  of  fusion,  and  before  becoming  liquid  passes  through  a 
soft  or  pasty  condition.  Pieces  of  iron  pressed  or  hammered  together 
in  this  state  cohere  into  a  single  mass :  the  operation  is  teimed  uvlding, 
and  is  usually  performed  by  sprinkling  a  little  sand  over  the  heated 
metal  which  combines  with  the  superficial  film  of  oxide,  forming  a 
fusible  silicate,  which  is  subsequently  forced  out  from  between  the 
pieces  of  iron  by  the  pressure  applied  :  clean  suifaces  of  metal  are  thus 
presented  to  each  other,  and  union  takes  place  without  difficulty. 

Iron  does  not  oxidize  in  dry  air  at  common  tempemtures :  heated  to 
redness,  it  becomes  covered  with  a  scaly  coating  of  black  oxide,  and  at 
a  high  white-heat  bums  brilliantly,  producing  the  same  substance. 
In  oxygen  gas  the  combustion  occura  with  still  greater  ease.  The  finely- 
divided  spongy  metal,  prepai-ed  by  reducing  the  red  oxide  by  hydrc^n 
gas,  takes  fire  spontaneously  in  the  air.  Pure  water,  free  from  air  and 
carbonic  acid,  does  not  birnish  a  suiface  of  polished  iron,  but  the  com- 
bined agency  of  free  oxygen  and  moisture  speedily  leads  to  the  pro« 
duction  of  rust,  which  is  a  hydrate  of  the  sesquioxide.  The  nutting  of 
iron  is  wonderfully  promoted  hy  the  presence  of  a  little  acid  vapoor. 
At  a  red-heat  iron  decomposes  water,  evolving  hydrogen,  and  passing 
into  the  black  oxide.  Dilute  sulphuric  and  hydrochloric  acids  dissolve 
it  freely  with  separation  of  hydrogen.  Iran  is  strongly  magnetic  up  to 
a  red-heat,  when  it  loses  all  traces  of  that  remarkable  property. 

The  equivalent  of  Iran  is  28,  and  its  symbol  Fe. 

Four  compounds  of  iron  and  oxygen  are  described. 
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Protoxide     ....  PeO 

Sesqiiioxide  (peroxide)    .  .  Fe^O, 

Proto-sesquioxide  (black  oxide)         .  Fe804=FeO,  Fe^O, 

Ferric  add  .  .  .  Fe  O,. 

Protoxide,  FeO. — This  is  a  very  powerful  base,  nentralizing  the 
adds  and  iflomorphous  with  magnesia,  oxide  of  zinc,  &c.  It  is 
aliiH»c  unlmown  in  a  separate  state,  ti-om  its  extreme  proneness  to 
aheorb  oxjgen  and  pass  into  th«  sesquioxide.  When  a  salt  of  this  sub- 
stance is  mixed  with  caastic  alkali  or  ammonia,  a  bulky  whitish  pre* 
dpitate  of  hydrate  of  the  protoxide  falls,  which  becomes  nearly  black 
when  boiled,  the  water  being  separated.  This  hydrate,  exposed  to  the 
air,  very  rapidly  changes,  b«ooming  green  and  ultimately  red-brown. 
The  soluble  salts  of  protoxide  of  iron  have  commonly  a  delicate  pale- 
greoi  colour,  and  a  nauseoos  metctUib  taste. 

Sesqcioxide,  Fe^Og. — A  feeble  base,  isomorphous  with  alumina. 
Seaqnioxide  of  iron  occui-s  native,  most  beautifully  ctystidlized,  as  specular 
iron  ore,  in  the  island  of  Elba,  and  elsewhere ;  also  as  red  and  brown 
hematites,  the  latter  being  a  hydrate.  It  is  artificially  prepared  by 
precipitating  a  solution  of  sulphate  of  the  sesquioxide  or  tlie  sesqai- 
chloride  of  iron  by  excess  of  ammonia,  and  washing,  drying,  and 
igniting  the  ydlowish-brown  hydrate  thus  produced :  fixed  alkali  must 
not  be  used  in  this  operation,  as  a  portion  is  retained  by  the  oxide.  In 
fine.powder,  this  oxide  has  a  full-red  colour,  and  is  used  as  a  pigment, 
being  prepared  for  the  purjxse  by  calcination  of  the  sulphate  of  the 
protoxide  ;  the  tint  vaiies  somewhat  with  the  temperature  to  which  it 
has  been  exposed.  The  oxide  is  unaltered  in  the  fire,  although  e.isily 
reduced  at  a  high  temperature  by  carbon  or  hydrogen.  It  di&solres  in 
acids,  with  difficulty  afler  strong  igniting,  forming  a  series  of  reddish 
salts,  which  have  an  acid  reaction  and  an  astringent  taste.  Sesquioxide 
of  iron  is  not  acted  upon  by  the  magnet. 

Black  OXIDE ;  uagnktic  oxide  ;  loadstone,  Fe^O^,  or  probably 
FeOH-Fe|0,. — A  natural  product,  one  of  the  moat  valuable  of  the  iron 
ores,  often  found  in  regular  octahedral  crystals,  which  are  magnetic. 
It  may  be  prepared  by  mixing  due  proportions  of  salts  of  the  protoxide 
and  sesquioxide  of  iron,  precipitating  them  by  excess  of  alkali,  and  then 
boiling  the  mixed  hydrates,  when  the  latter  unite  to  a  black  sandy  sub- 
stance, consisting  of  minute  crystals  of  the  magnetic  oxide.  This  oxide 
is  the  diief  product  of  the  oxidation  of  iron  at  a  high  temperature  in 
the  air  and  in  aqueous  vapour.     It  is  incapable  of  forming  salts. 

Ferric  acid,  FeO, — A  very  remarkable  compound  of  recent  dis- 
covery. The  simplest  mode  of  preparing  it  is  to  heat  to  full  redness^ 
for  an  hour,  in  a  covered  crucible,  a  mixture  of  one  part  of  pure  ses- 
quioxide of  iron,  and  four  parts  of  dry  nitre.  The  brown,  porous, 
deliquescent  mass  is  treated  when  cold  with  ice-cold  water,  by  which 
a  deep  amethystine  red  solution  of  ferrate  of  potaasa  is  obtained.    This 
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gi-adnallj  deoomposes  even  in  the  cold,  evolving  oxygneQ  gas,  and  depo- 
siting  sesquioxide*:  bj  heat  the  decomposition  is  very  rapid.  The 
solution  of  ferrate  of  putassa  gives  uo '  pi-ecipitate  witii  salts  of  lime, 
magnesia,  or  strontia,  but  when  mixed  with  one  of  baryta,  a  deep 
crimson,  insoluble  compound  falls,  which  is  a  ferrate  of  that  ban,  and 
is  very  permanent. 

PROIOCULOBIDE  OF  IBON,  FeCl. — Formed  by  transmitting  dry 
hydrochloric  acid  gas  over  red-hot  metallic  iron,  or  by  dissolving  iron 
in  hydix)chloric  acid.  The  latter  solution  yields,  when  duly  concea- 
trateid,  green  crystals  of  protochloride,  containing  4  equivalents  of  wata* : 
they  are  very  soluble  and  deliquescent,  and  rapidly  oxidize  in  the  air. 

Sesquiculorxdb  of  iron,  FcgCl,. — Usually  prepared  by  dissoIviDg 
sesquioxide  in  hydi'ochloric  acid.  The  solution,  evaporated  to  a  isyrupy 
condstence,  deposits  i^ed,  hydiated  crystals,  which  are  veiy  soluble  io 
water  and  alcohol.  It  forms  double  salts  with  chloride  of  potassiuiii 
and  sal-ammoniac  When  evaporated  to  dryness  and  strongly  heated, 
much  of  the  chloride  is  decomposed,  yielding  sesquioxide  and  hydro- 
chloric acid :  the  remainder  sublimes,  and  afterwards  condenses  in  the 
form  of  small  brilliant  red  aystals,  which  deliquejoe  i-mpidly.  The 
solution  of  sesquichloride  of  iron  is  capable  of  dissolving  a  lai'ge  excess 
of  recently-precipitated  hydrate  of  the  se^nquioxide,  by  which  it  acquires 
a  much  darker  colour.  Anhydrous  sesquichloride  of  iron  is  also  pro- 
duced by  Uie  action  of  chlorine  upon  the  heated  metal. 

Pkotiodide  of  iron,  Fel.— This  is  an  important  medicinal  pre- 
paration :  it  is  easily  made  by  digesting  iodine  with  water  and  metallic 
iron.  The  solution  is  pale  green,  and  yields,  on  evaporation,  crystals 
resembling  those  of  the  chloride,  which  rapidly  oxidise  on  exposure  to 
air.  It  is  best  pi^e:ter\'ed  in  solution  in  contact  with  excess  of  iron.  A 
Sesqui-iodide  of  iron  exists,  which  is  yellowish-red  and  soluble. 

2SULPUIDES  OF  IRON.  —Several  compounds  of  iron  and  sulphur  are 
described :  of  these  the  two  most  impoi-tant  are  the  following.  Proto^ 
suiphidej  FeS,  is  a  blackish,  brittle  substance,  attracted  by  the  magnet, 
formed  by  heating  together  iron  and  sulphur.  It  is  dissolved  byc^ute 
acids  with  evolution  of  sulphuretted  hydrogen  gas,  and  is  constantly 
employed  for  that  purpose  in  the  laboratoiy,  being  made  by  projecting 
into  a  led-hot  cinicible  a  mixture  of  2^  parts  of  sulphur  and  4  parts  of 
iron  filings  or  borings  of  cast  iron,  and  excluding  the  air  as  much  as 
possible.  The  same  substance  is  ibi'med  when  a  bar  of  white-hot  iron 
is  brought  in  contact  with  sulphur.  The  bisulphide  of  iron,  FeS,,  iron 
pyrites,  is  a  natural  product,  occurring  in  rocks  of  all  ages,  and 
evidently  formed  in  many  cases  by  the  giadual  deoxidation  of  sulphate 
of  iron  by  organic  matter.  It  has  a  brass-yellow  colour,  is  very  hard, 
not  attracted  by  the  magnet,  and  not  acted  upon  by  dilate  adds.  Ex- 
posed to  heat,  sulphur  is  expelled,  and  an  intermediate  sulphide^ 
analogous  pi-obably  to  tlie  black  oxide,  is  produced.  This  substance 
also  occui-s  native,  under  the  name  of  magtCetic  pyrites.  Iron  pyrites 
Is  the  material  now  chiefly  employed  for  the  manufacture  of  sulphuiic 
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add :  for  this  purpose  the  mineral  is  roasted  in  a  current  of  air,  and  the 
solpharons  acid  formed  passed  into  the  lead  chambers ;  the  residue 
consists  of  oxide  of  iron,  which  is  freqaently  so  rich  in  copper  that  it  is 
worth  extracting  that  metal. 

Compounds  of  iron  with  phosphorus,  carbon,  and  silicium  exist,  but 
little  is  known  respecting  them  in  a  definite  state.  The  carbide  is  con- 
tained  in  cast  iron  and  in  steel,  to  which  it  communicates  ready 
fusibility ;  the  silidum-compound  is  also  found  in  cast  iron.  Phosphorus 
is  a  very  hurtful  substance  in  bar  iron,  as  it  renders  it  brittle  or 
coidr^ori. 

Sulphate  op  protoxide  of  iron  ;  qreen  vitriol,  FeO.SO,  + J  i  <^^ 

7HO. — This  beautiful  and  important  salt  may  be  obtained  by  dii^ctly  ~  f  -^  ^ 
dissolving  iron  in  dilute  sulphuric  acid:  it  is  generally  prepared, 
howerer,  and  that  on  a  very  laige  scale,  by  contact  of  air  and  moisture 
with  common  iron  pyrites,  which,  by  absorption  of  oxygen,  readily 
famishes  the  substance  in  question.  Heaps  of  this  material  are 
exposed  to  the  air  until  the  decomposition  is  sufficiently  advanced :  the 
aalt  produced  is  then  dissolved  out  by  water,  and  the  solution  made  to 
crystallize.  It  fonns  large  gieen  crystals,  of  the  composition  above 
stated,  which  slowly  effloresce  and  oxidize  in  the  air :  it  is  soluble  in 
about  twice  its  weight  of  cold  water.  Crystals  containing  4,  and  also 
2  equivalents  of  water,  have  been  obtained.  Sulphate  of  protoxide  of 
iron  forms  double  salts  with  the  sulphates  of  potaesa  and  ammonia. 

Sulphate  of  besquioxide  of  iron,  FejO^^SSO,. — Prepared  by 
adding  to  a  solution  of  the  protosalt  exactly  one-half  as  much  sulphuric 
acid  as  it  already  contains,  raising  the  liquid  to  the  boiling-point,  and 
then  dropping  in  nitric  acid  until  the  solution  ceases  to  blacken  by  such 
addition.  The  red  liquid  thus  obtained  furnishes,  on  evaporation  to 
dryness,  a  buff-coloured  amorphous  mass,  which,  when  put  into  water, 
Tery  slowly  dissolves.  With  the  sulphates  of  potassa  and  ammonia, 
this  aalt  yields  compounds,  having  the  form  and  constitution  of  alums: 
the  crystals  are  nearly  destitute  of  colour.  These  latter  are  decom- 
posed by  water,  and  Fometimes  by  long  keeping  when  in  a  diy  state. 
They  are  best  prepared  by  exposing  to  spontaneous  evaporation  a 
solution  of  sulphate  of  sesquioxide  of  iron,  to  which  sulphate  of  potassa 
or  of  ammonia  has  been  added.  • 

Nitrate  of  the  protoxide  op  iron,  FeO,N05. — When  dilute 
cold  nitric  arid  is  made  to  act  to  saturation  upon  protosulphide  of  iron, 
and  the  solution  evaporated  in  vacuo,  pale-green  and  veiy  soluble 
crystals  of  protonitrate  are  obtained,  which  are  very  subject  to  alter- 
ation. The  nitrate  of  the  sesquioxide  is  readily  formed  by  pouring 
nitric  acid,  slightly  diluted,  upon  iron  :  it  is  a  deep-red  liquid,  apt  to 
deposit  an  insoluble  basic  salt,  and  is  used  in  dyeing. 

Carbonate  of  protoxide  of  iron,  FeO.COj.— The  whitish  pre- 
dpitate  obtained  by  mixing  solutions  of  protosalt  of  iron  and  alkaline 
carbonate :  it  cannot  be  washed  and  dried  without  losing  carbonic  add 
and  absorbing  oxygen.     This  substance  occurs  in  nature  as  tpathoso 
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iron  oret  aasociated  with  Tariable  qaantities  of  carbomtte  of  lime  and 
of  magnesia ;  and  also  in  the  oommon  day  iron-^tone,  fronor  which 
nearly  all  the  British  iron  is  made.  It  is  often  foand  in  mineral 
waters,  being  soluble  in  excess  of  carbonic  acid :  such  waters  are  known 
bj  the  rusty  matter  they  deposit  by  exposure  to  the  air.  No  car> 
bonate  of  the  sesquioxide  is  known. 

The  phosphates  of  iron  are  all  insolnble. 


Salts  of  the  protoxide  of  iron  are  thus  distinguished : — 

Caustic  alkalis,  and  ammonia,  give  nearly  white  precipitates,  is* 
solnble  in  excess  of  the  reagent,  rapidly  becoming  gi'een,  and  ultimately 
brown,  by  exposure  to  air. 

Alkaline  carbonates,  and  carbonate  of  ammonia,  throw  down  the 
whitish  carbonate,  also  very  subject  to  change. 

Sulphuretted  hydrogen  gives  no  precipitate,  but  sulphide  of 
monium  throws  down  black  protosulphide  of  'uoHj  soluble  in  dilate 

Ferrocyanide  of  potassium  gives  a  nearly-white  precipitate,  be<^ 
coming  deep  blue  on  exposure  to  air. 

SalU  of  the  sesquioxide  are  thus  characterised  :•>- 

Caustic  alkaliis  and  ammonia,  give  foxy-red  precipitates  of  hydrated 
sesquioxide,  insoluble  in  excess. 

The  carbonates  behave  in  a  similar  manner,  the  carbonic  acid  escaping. 

Sulphuretted  hydrogen  gives  a  nearly-white  precipitate  of  sulphur, 
and  reduces  the  sesquioxide  to  protoxide. 

Sulphide  of  ammonium  gives  a  black  precipitate,  slightly  soluble  in 
excess. 

Ferrocyanide  of  potassium  yields  Prussian  blue. 

Tii^ture  or  infusion  of  gall^uts  strikes  intense  bluish -black  with  the 
most  allate  solutions  of  salts  of  sesquioxide  of  iron. 


Iron  manufacture, — This  most  important  branch  of  industry  con- 
sists, a»  now  conducted,  of  two  distinct  parts ;  viz.,  the  production 
from  the  ore  of  a  fuiiible  (carbide  of)  iron,  and  the  subsequent  decom- 
position of  the  carbide,  and  its  comrersion  into  pure  or  malleable  iron. 

The  clay-iron  ore  is  found  in  association  with  coal,  forming  thin 
beds  or  nodules :  it  consists,  as  already  mentioned,«of  carbonate  of  iron 
mixed  witli  day ;  sometimes  lime  and  magnesia  are  also  present.  It  is 
broken  in  pieces,  and  exposed  to  heat  in  a  furnace  resembling  a  lime- 
kiln, by  which  the  water  and  carbonic  acid  are  expelled,  and  the  ore 
rendered  dark -coloured,  denser,  and  also  magnetic :  it  is  then  ready  for 
reduction.  The  fiimace  in  which  this  operation  is  performed  is  usually 
of  very  large  dimensions,  fifty  feet  or  more  in  height,  and  constructed 
of  brickwork  with  great  solidity,  the  interior  bang  lined  with  excellent 
fire-bricks :  the  figure  will  be  at  once  nnderstowl  fiom  the  sectional 
drawing.    The  furnace  is  dose  at  the  bottom,  the  fire  being  maintaiued 


Iiy  A  powerful  ■rtitktal  hlut  introduced  by  Ivoot  thne  <u^«rw-p9>n,  u 
■bowD  IB  th«  nctkn.    The  matciiala,  coniiitiiig  of  dut  pmpoiiiuu  o( 
c^c  or  (wboniiod  con),  routed  oi«,  and  liDiealone,  *r«  cooslaotly  lup- 
pliBJ  from  Ifae  top,  Ui«  operation  proCMilii^  coutiouoiuly  nigbt  and  daj, 
often  for  jam,  or  unli!  <be  fur- 
nace i>  Jadgfd  to  rei(Dir*  irpair.  I'''i- 1>3. 
In  the  upper  purt  of  the  fanmce, 
wherfl  the  tempaitture   is   sliLL 
Terj  highf  iind  where  combua- 

tible  gatea  abound,  the  inin  of 

Ihe  ore  u  probablj  reduocd  to  the 

mrtnllic  Ktate,  being  dtraemmsloil 

Ummgh  the  eulh;  matter  of  the 

ore.      Ai  the  whole  links  down 

and  atlnini  ■  still  higfaer  degree 

of  beat,  the  iron    beconwi  oon- 

Terted  into  carbide  bj  eemenio' 

ftOR,  while  the  silica  and  alumiiui 

onile  with  the  lime,  pnrposelj 

added,  to  a  land  of  glsa  or  ilay, 

nearly  free  from  oiide  of  iron. 

The  carbide  and  ilag,  both  in  a 

melted  state,  reach  at  lust  the 

bottom  of  Uie  furnace,   when 

th»j  arrange  themselies  in  the 

order  of  Iheir  dcuaitiei :   the  titg 

Hows  out    at   certain    aperturn 

coatHved  for  the  purpose,   and 

tbe  Iron  ia  diacbarged  from  time  to  lime,  and  suBered  to  run  into  rude 

Bwuldi  of  Band  bjr  opening  an  orifiiv  at  the  bottom  of  the  recipimt, 

preTioualf  stopped  with  cja/.     Snch  ia  tbe  origin  of  crude  or  caal  iron, 

of  whidi  there  are  levenl  Tarietiea.  diibngniabed  by  diflerencna  of 

colonr,  hanhkesa,  aod  composition,  and  known  hy  tbe  namea  of  g^tlt/, 

blact,  and  ahUe  iron.     The  fint  is  for  moat  purpoaea  Ihe  be*t,  as  it 

admita  of  being  filed  and  cut  wilb  perfect  ease.     The  bbick  and  graj 

kind)  probablj  rsntain    a   inechanioal   admiilure  of  gmphite,  which 

Kjantea  during  aulidi  Sea  lion. 

A  great  improrenient  haa  been  made  in  the  aboxe-deMxibed  procoa, 
'  br  snbstitntiug  anr  owl  Ibr  coke,  and  blowing  hot  air  initend  of  cold, 
'    into  the  fumM.     This  ia  elfected  bjr  rauung  the  air,  on  leaiiog  the 

blowii^-machine,  to  circalate  through  a  aystem  of  red-hot  in>n  pipes, 

ODtll  its  lempenitni-e  becomes  high  enough  to  melt  lend.     This  altera- 

tiou  hM  already  eHecttda  prodigious  nring  m  fuel ,  without,  itappean, 

aof  injury  to  the  quality  of  the  product. 

The  cotirartioD  of  cast  Into  bar  mm  ia  effected  by  an  opamtion  called 

pti^iag  ;  pierious  to  which,  howereT,  it  commonly  undergoes  a  pro- 

«a^  tbe  tlwory  of  which  ia  not  peifecUy  intelligible.    It  is  remelted, 
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and  suddenly  cooled,  by  which  it  becomes  wMte  crrstalline,  sod 
exceedingly  hard :  in  this  state  it  is  called  fine  metal.  The  puddling 
process  is  condacted  in  an  ordinary  reverberatory  funiaoe,  into  whidi 
the  charge  of  fine  metal  is  introduced  by  a  side  aperture.  This  is 
speedily  melted  by  the  flame,  and  its  surface  covered  with  a  crust  or 
oxide.  The  workman  then,  by  the  aid  of  an  iron  tool,  diligently  stiis 
the  melted  mass,  so  as  intimately  to  mix  the  oxide  with  the  metal ; 
he  now  and  then  also  throws  in  a  little  wat^,  with  the  view  of  pro- 
moting  more  rapid  oxidation.  Small  jets  of  blue  flame  soon  appear 
upon  the  surface  of  the  iron,  and  the  latter,  after  a  time,  begins  to  lose 
its  fluidity,  and  acquires,  in  succession,  a  pasty  and  a  gpranular  con- 
dition. At  this  point  the  fire  is  strongly  ut^ed,  the  saody  particles 
once  more  cohere,  and  the  contents  of  the  furnace  now  admit  of  being 
formed  into  several  large  balls  or  masses,  which  are  then  withdrawn, 
and  placed  under  an  immense  hammer,  moved  by  machinery,  by  which 
each  becomes  quickly  fashioned  into  a  rude  bar.  This  is  rdieated,  and 
passed  between  grooved  castriron  rollers,  and  drawn  out  into  a  long 
bar  or  ixkI.  To  make  the  best  iron,  the  bar  is  cut  into  a  number  of  \ 
pieces,  which  are  aftei*wards  piled  or  bound  together,  again  raised  to  a 
welding  heat,  and  hammered  or  rolled  into  a  single  bar;  and  this 
process  of  piHng  or  fagoting  is  sometimes  twice  or  thrice  repeated,  the 
iron  becoming  greatly  improved  thei-eby. 

The  general  nature  of  the  change  in  Uie  puddling  furnace  is  not  diffi- 
cult to  explain.  Cast  iron  consists  enentially  of  iron  in  combinatioD 
with  carbon  and  silicium.  When  strongly  heated  with  oxide  of  iron, 
those  compounds  undergo  decomposition,  the  carbon  and  siliciam  be- 
coming oxidized  at  the  expense  of  the  oxygen  of  the  oxide.  As  this 
change  takes  place,  the  metal  gradually  lo^es  its  fusibility,  but  retains 
a  certain  degree  of  adhesiveness,  so  that  when  at  last  it  comes  under  iht 
tilt-hammer,  or  between  the  rollers,  Uie  particles  of  iron  become 
agglutinated  into  a  solid  mass,  while  the  readily-fusible  silicate  of  the 
oxide  is  squeezed  out  and  separated. 

All  these  processes  are,  in  Great  Britain,  performed  with  coal  or 
coke,  but  the  iron  obtained  is,  in  many  respects,  inferior  to  that  made 
in  Sweden  and  Russia  from  the  magnetic  oxide,  by  the  use  of  wood 
charcoal,  a  fuel  too  dear  to  be  extoisively  employed  in  England.  Plate 
iron  is,  however,  sometimes  made  with  charcoal. 

Steel, — A  very  remarkable  and  most  useful  substance,  prepared  by 
henting  iron  in  contact  with  charcoal.  Bars  of  Swedish  iron  are  im* 
bedded  in  charcoal  powder,  contained  in  a  lai^  rectangular  crucible  or 
chest  of  some  substance  capable  of  resisting  the  fire,  and  exposed  for 
many  hours  to  a  full  red  heat.  The  iron  takes  up,  under  these  dream- 
stances,  from  1*3  to  1'7  per  cent,  of  carbon,  becoming  harder,  and  at 
the  same  time  fusible,  with  a  certain  diminution,  however,  of  malleabi- 
lity. The  active  agent  in  this  cementation  process  is  probably  carbooio 
oxide :  the  oxygen  of  the  air  in  the  crucible  combines  with  the  carbon 
to  form  that  substance,  which  is  afterwards  decomposed  by  the  heated 
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iron,  one-half  of  its  carbon  ))eing  abstracted  by  the  latter.  The  carbonic 
acid  thus  formed  takes  up  an  additional  dose  of  carbon  from  the  char- 
coal, and  again  becomes  carbonic  oxide,  the  oxygen,  or  rather  the  carbonic 
acid,  acting  as  a  carrier  between  the  charcoal  and  the  metal.  The 
product  of  this  operation  is  called  blistered  steel,  from  the  blistered  and 
rough  appearan(«  of  the  bars :  the  texture  is  afterwards  improved  and 
equalized  by  welding  a  number  of  these  bars  together,  and  drawing  the 
whole  out  under  a  light  tilt-hammer. 

Some  chemists  have  recently  asseited  that  nitrogen  is  necessary  for  the 
production  of  &teel ;  and  have,  in  iact,  attributed  to  its  presence  the 
peculiar  pro{ierties  of  this  material :  others,  again,  have  disputed  this 
asitertion,  and  believe  that  the  transformation  of  iron  into  steel  depends 
upon  the  assimilation  of  carbon  only  ;  experimentally,  the  question  re- 
mains undecided. 

Ezioellent  steel  is  obtained  by  fusing  grey  ca<it  iron  with  tungsticacid  ; 
the  carbon  of  the  iron  reduces  the  tungstic  acid  (see  p.  363)  to  tungsten, 
which  forms  an  alloy  with  the  iron  possessing  the  properties  of  nteel. 
The  quantity  of  wolfram  thus  absorbed  by  the  iron  is  very  small,  and 
aome  chemists  attribute  the  properties  of  the  so-called  tungsten  steel  to 
the  general  treatment  rather  than  to  the  presence  of  tungsten. 

The  most  perfect  kind  of  steel  is  that  which  has  undei^ne  fusion, 
having  b«en  cast  into  ingot-moulds,  and  afterwai-ds  hammered :  of  this 
all  fine  cutting  instruments  are  made.  It  is  ditficult  to  forge,  requiring 
great  skill  and  care  ou  the  part  of  the  operator. 

Steel  may  also  be  made  directly  fiom  some  particular  varieties  of 
cast  iron,  as  that  from  spathose  iron  ore,  containing  a  little  manganese. 
The  metal  is  retained,  in  a  melted  state,  in  the  hearth  of  a  furnace, 
while  a  stream  of  air  plays  upon  it,  and  causes  partial  oxidation :  the 
oxide  produced  reacts,  as  before  stated,  on  the  caibon  of  the  iron,  and 
withdraws  a  portion  of  that  element.  When  a  proper  degree  of  stiffness 
or  pastiness  is  observed  in  the  residual  metal,  it  is  withdrawn,  and 
hammered  or  rolled  into  ban.  The  wootz,  or  native  steel  ot  India,  is 
probably  made  in  this  manner.  Annealed  cast  Iron,  sometimes  called 
rwi-gteel,  is  now  much  employed  as  a  substitute  for  the  more  costly 
products  of  the  forge :  the  articles,  when  cast,  are  imbedded  in  powdered 
iron  ore,  or  some  earthy  material,  and,  after  being  exposed  to  a  moderate 
red-heat  for  some  time,  are  allowed  slowly  to  cool,  by  which  a  very 
extraoixlinary  degree  of  wftness  and  malleability  is  attained.  It  is 
very  possible  that  some  little  decarbouization  may  take  place  during 
this  process. 

The  most  remarkable  property  of  steel  is  that  of  becoming  exceedingly 
hard  when  quickly  cooled.  When  heated  to  i-edness,  and  suddenly 
quendied  in  cold  water,  steel,  in  fact,  becomes  capable  of  scratching 
glass  with  facility :  if  reheated  to  reiiness,  and  ouce  more  left  to  cool 
slowly,  it  again  becomes  nearly  as  soft  as  ordinary  iron;  and  between 
these  two  conditions,  any  required  degree  of  hardness  may  be  attained. 
The  articles,  forged  into  shape,  are  tii-st  liaidened  in  the  manner  de- 

z 


338  cHBOMimc. 

scinbed :  thiy  are  then  tempered,  or  let  do'cn,  hj  pxpocure  to  a  proper 
defipree  of  anneflling  heat,  which  is  often  judged  of  by  the  colour  of  the 
thin  film  of  oxide  which  appears  on  the  polished  surface.  Thos*  a 
temperature  of  about  430°  (221°C),  indicated  by  a  faint  straw  colour, 
gives  the  proper  temper  for  razors :  that  for  scissorK,  pen-knives,  &c, 
wUl  be  comprised  between  470°  (243°C)  and  4<K)°  (254°C),  and  be 
attended  by  a  full-yellow  or  brown  tint.  Swords  and  watdt-springs 
require  to  be  softer  and  more  elastic,  and  must  be  heated  to  550^ 
(288''C)  or  560°  (293°C),  or  until  the  surface  becomes  deep  Uoe. 
Attention  to  these  colours  has  now  become  of  less  importance,  aa  metal 
baths  are  often  substituted  tor  the  open  tire  in  this  operation. 

CHROMIUM. 

Chromium  is  foimd  in  the  state  of  oxide,. in  combination  with  oxide 
of  iron,  in  some  abundance  in  the  Shetland  Islands,  and  elsewhere:  as 
chromate  of  lead  it  constitutes  a  very  beautiful  mineral,  from  whidi  it 
was  first  obtained.  The  metal  itself  is  got  in  a  half-fused  condition  by 
mixing  the  oxide  with  J  of  its  weight  of  charcoal-powder,  enclosing  the 
mixture  in  a  crucible  lined  with  charcoal,  and  then  snbjecUng  it  to  the 
very  highest  heat  of  a  powerful  furnace. 

Deville  has  prepared  metallic  chromium  by  reducing  pure  sesquioxide 
of  chromium,  by  means  of  an  insufficient  quantity  of  charcoal  in  a  lime 
crucible.  Thus  prepared,  metallic  chromium  is  less  fusible  than  pla* 
tinum,  and  as  hard  as  corundum.  It  is  readily  acted  u)>on  by  dilute 
hydrochloric  acid,  less  so  by  dilute  sulphuric  acid,  and  not  at  all  by 
concentrated  nitric  acid.  Fr^my  obtained  chromium  in  small  cubic 
inysta's,  by  the  action  of  sodium  vapoui*  on  sesquichloride  of  chromium 
at  a  red-heat.  The  crystalline  chromium  resists  the  action  of  coooeo- 
trete'l  acids,  even  of  aqua  regia. 

Chromium  forms  at  least  four  compounds  with  oxygen,  correspond- 
ing to,  and  probably  isomorphous  with,  those  of  iron. 

The  equivalent  of  chromium  is  26*7:  its  symbol  is  Cr. 

Protoxide  op  chromium.  CrO.— When  potassa  is  added  to  a 
solution  of  the  protochloride  of  chromium,  a  brown  precipitate  fiills 
which  speedily  passes  to  deep  foxy-red,  with  dlsengsgement  of  hydro- 
gen. The  protoxide  produced  in  this  manner  is  rapidly  converted  into 
a  higher  oxide.  The  protoxide  is  a  powerful  base,  forming  pole-blue 
salts,  which  absorb  oxygen  with  extreme  avidity.  The  double  sulphate 
of  piotoxide>of  chromium  and  potassa  contains  6  eq.  of  water,  like  the 
other  members  of  the  same  group. 

Protosesquioxide  of  chromium,  CrO-j-Cr^Oj,  is  the  above 
brownish-red  precipitate  produced  by  the  action  of  water  upon  the 
protoxide.  The  decomposition  is  not  complete  without  trailing.  This 
oxide  conesponds  with  the  magnetic  oxide  ot  iron,  and  is  not  saliBable. 

Sesquioxide  of  chromium,  Cr^O^^. — When  chromate  of  mercury, 
prepared  by  mixing  solutions  of  the  nitrate  of  suboxide  of  mercury  and 
of  chromate  or  bidiromate  of  potassa,  is  exposed  to  a  red-heat,  it  is 
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decomposed,  pure  sesquinxide  of  chronninm  hftving  a  6ne  ^en  coloar 
remaining.     In  tbiu  stote  the  oxide  is,  like  alumina  alter  ignition,  in- 
soluble in  acids.    From  a  solution  of  sesquioxide  of  chromium  in  potassa 
or  soda,  green  gelatihous  hydrated  se^uioxide  of  chromium  is  sepa- 
rated on  standing.     When  Huely  powdered  and  tlried  over  sulphuric 
acid,  its  formula  is  Crfi^-^-QUO,     A  hydrate  may  also  be  had  by 
boiling  a  somewhat  dilute  solution  of  bichromate  of  potassa,  strongly 
acidulated   by  hydrochloric  acid,  with  small   successive   portions  of 
sugar  or  alcohol.     In  the  former  case,  carbonic  acid  escapes:  in  the 
latter  a  substance  called  aldehyde  and  also  acetic  acid  are  formed,  sub- 
stances with  which  we  shall  become  acquainted  in  organic  chemistry ; 
and  the  chromic  acid  of  the  salt  becomes  converted  into  sesquichloride 
of  chromium,  the  colour  of  the  liquid  changing  from  red  to  deep 
green.     A  slight  excess  of  ammonia  piecipitates  the  hydrate  from 
this  solution,     it  has  a  pale  purplish-greon  colour,  which  becomes 
full  green  on   ignition:    an  extiaonlinary  shrinking  of  volume  and 
^dden  inimndesoence  are  observed  when  ihe  hydrate  is  decompo^sed  by 
heat.     Anhydrous  sesquioxide  in   a  beAutifully-ciystalline  condition 
nay  be  prapared  by  beating  bichromate  of  potassa  to  full  redness 
in  an  eai-then  crucible.     One-half  of  Uie  acid  suffers  decomposition, 
oxygen  being  disengaged,  and  sesquioxide  of  chromium  left.   The  melted 
masts  is  then  treated  with  water,  which  dissolves  out  neutral  chromate 
of  potassa,  and  the  oxide  is,  lastly,  washed  and  dried.     Sesquioxide 
of  chromium  communicates  a  Hne  gieen  tint  to  glass,  and  is  used  in 
enamel-painting.    The  crystalline  sesquioxide  is  employed  in  the  manu- 
Cicture  of  razor-strops. 

The  sesquioxide  of  chromium  is  a  feeble  base,  resembling,  and 
uomorphous  with,  sesquioxide  of  iron  and  alumina:  the  salts  it  form» 
n»ve  a  green  or  purple  colour,  and  are  said  to  be  poisonous. 

The  sulphate  of  sesquioxide  of  chromium  is  prepared  by  diswlving 
the  hydmted  oxide  in  dilute  sulphuric  acid.  It  unites  with  the  sul- 
phatei  of  potassa  and  of  ammonia,  giving  rise  to  magnificent  salts 
vfaich  crystallize  in  regular  octahedra  of  a  deep-claret  cx>lour,  and  pos- 
^  a  constitution  lesembling  that  of  common  alum,  the  alumina 
being  replaf:ed  by  sesquioxide  of  chromium.  The  finest  crystals  of 
chromium-alum  are  obtained  by  spontaneous  evaporation,  the  solution 
^ag  apt  to  be  decomposed  by  heat. 

I*W)Tochloride;  op  Chbomium,  CrCl.—The  violet-coloui'ed  sesqui- 
<n>oride  of  chromium,  contained  in  a  porcelain  or  glass  tube,  is  heatei 
to  redness  in  a  cun-eut  of  perfectly  dry  and  pui*e  hydrogen  gas: 
aydrocbioric  acid  is  disengaged,  and  a  white  foliated  mass  is  obtained, 
which  dissolves  in  water  with  great  elevation  of  temperature,  yielding 
a  blue  solution,  which,  by  exposure  to  the  air,  absorbs  oxygen  with 
wtraonlinary  energy,  acquiring  a  deep-green  colour,  and  passing  into 
we  state  of  oxychloride  of  chromium,  2Cr4Cl„CraO,.  The  protochlo- 
nde  of  chromium  is  one  of  the  most  powerful  i^ucing  or  deoxidizing 
*8«nU  known. 
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Sesquichlobide  of  chromium,  CivCl,. — This  siibstaDoe  is  ob- 
tained in  the  anhydrous  condition  by  heating  to  redness  in  a  poroe> 
Iain  tube  a  mixtui-e  of  sesquioxide  of  chi-amiam  and  chancoal,  and 
passing  dry  chlorine  gas  over  it.  The  sesquichloride  sublimes,  and 
is  deposited  in  the  cook  part  of  the  tube,  in  the  foiin  of  beautiful 
crystalline  plates  of  a  pde-violet  colour.  It  b  totally  insoluble  in 
water  under  ordinary  circumstances;  even  at  a  boiling  heat..  It  dis- 
solves, however,  and  assumes  the  deep-gieeii  hydrated  state  in  water 
containing  an  exceedingly  minute  quantity  of  the  protochloride  in  solu- 
t  on.  The  hydration  is  mai'ked  by  the  evolution  of  much  heat.  This 
I'emarkable  efi'ect  must  probably  be  referred  to  the  class  of  actiuns 
known  at  present  under  the  name  of  katalysis.* 

The  salts  of  the  sesquioxide  of  chromium  ai'e  easily  recc^^uzed. 

Caustic  alkalis  precipitate  the  hydrattid  oxide,  easily  soluble  in 
excess. 

Ammonia,  the  same,  bat  nearly  insoluble. 

Carbonate  of  potassa,  soda,  and  anynonia,  throw  down  a  green  pi'ed- 
pitate  of  carbonate  and  hyiiate,  slightly  soluble  in  a  lai^  excess. 

Sulphurettei  hydio^en  cau»es  no  change. 

Sulphide  of  amuiouium  precipitates  the  hydrate  of  the  sesquioxide. 

Chromic  acid,  CrO,. — Whenever  sesquioxide  of  chromium  is 
strongly  heated  with  an  alkali,  in  contact  with  air,  oxygen  is  absorbed 
and  chromic  add  generated.  Chromic  acid  may  be  obtained  necuiy 
puiie,  and  in  a  state  of  gi'eat  beauty,  by  the  following  simple  process : — 
100  mensu'es  of  a  cold  saturated  solution  of  bichromate  of  potassa  9Xt 
mixed  with  150  measures  of  oil  of  vitriol,  and  the  whole  suffered  to 
cool.  The  chromic  acid  crystallizes  in  brilliant  crimson-red  prisms : 
the  mother-liquor  is  poured  off,  and  the  a*ystals  placed  upon  a  tile  to 
drain,  b«ing  closely  covered  by  a  glass  or  bell-jnr.f  Chiomic  add  is 
vei*y  deliquescent  and  soluble  in  water:  the  solution  is  instantly  i^uced 
by  contact  with  organic  noatter. 

Chroinate  of  Potassa^  KO,Ci-0^ — This  is  the  source  of  all  the  pre- 
parations of  chromium :  it  is  made  directly  from  the  native  chroine- 
iron  o.'0f  which  is  a  compound  of  the  sesquioxide  of  chromium  and 
protoxide  of  iron,  analogous  to  majgn»tu>4ron  Ot-e,  by  calcination  with 
nitre  or  with  carbonate  of  potassa,  or  with  caustic  lime,  the  stone  being 
reduced  to  powder,  and  heated  for  a  long  time  with  the  alkali  in  a 
reverberatory  furnace.  The  product,  when  treated  with  water,  yields 
a  yellow  solution,  which,  by  evaporation,  deposits  anhydrous  crystals 
of  the  sante  colour,  isomorphous  with  sulphate  of  potassa.  Chromate 
of  potasM  lias  a  cool,  bitter,  and  disagreeable  taste»  and  dissolves  in  2 
parts  of  watei-  at  60®  (15°- 5C). 

Bichromate  ^  Potassa,  KO,2CrO^— When  sulphuric  acid  is  ^ded 
to  the  piiiocdiag  salt  in  moderate  quantity,  one-half  of  the  base  is 
removed,  and  the  neutral  chromate  conveiied  into  bichromate.    The 

♦  8  »e  p.  333. 

f  Mr.  Woirlagton, '  Proceedings  of  Chcm.  Soc.,'  1. 18. 
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new  salt,  of  which  immf  nse  quantities  are  manufactured  for  use  in 
the  arts,  ciystallizeg  by  s^ow  evaporation  in  beautiful  red  tabular 
cfjut^s,  derived  from  an  oblique  rhombic  prism.  It  melts  when 
heated,  and  is  soluble  in  10  parts  of  water,  and  the  solution  has  an 
add  reaction. 

Trichromate  Qf  Potassa,  KO,3CrO,,  may  be  obtained  in  crystals  by 
dissolving  bichromate  of  potassa  in  an  aqueous  solution  of  chromic  acid 
and  allowing  it  to  evaporate  over  sulphuric  acid. 

Chromate  cf  Lead,  PbO,  CrOg.-— On  mixing  solution  of  chromnte 
or  bichromate  of  potassa  with  nitrate  or  acetate  oi  lead,  a  brilliant 
yellow  precipitate  rails,  which  rs  the  compound  in  question  ;  it  is  the 
chrome-yellow  of  the  painter.  Then  this  compound  is  boiled  with 
lime-water,  one-half  of  the  acid  is  withdrawn,  and  a  subchromate  of 
an  orange-red  colour  left.  The  subchromate  is  also  formed  by  adding 
chromate  of  lead  to  fused  nitre,  and  af^erwai^s  di&<iolving  out  the 
soluble  salts  by  water:  the  product  is  crystalline,  and  livals  vermilion 
in  beauty  of  tint.  The  yellow  and  orange  chrome-colours  are  Hxed 
upon  cloth  by  the  alternate  application  of  the  two  solutions,  and  in 
the  latter  case  by  passing  the  dyed  stuflf  through  a  bath  of  boiling 
lime-water. 

Chromate  of  S&cer,  -AgO,  CrO,. — This  salt  precipitates  as  a  reddish- 
brown  powder  when  solutions  of  chromate  of  potassa  and  nitrate  of 
silver  are  mixed.  It  dissolves  in  hot  dilute  nitric  acid,  and  separates, 
on  cooling,  in  small  ruby-red  platy  cryittals.  The  chromates  of  baryta, 
zinc,  and  mercury  are  insoluble ;  the  first  two  are  yellow,  the  last  is 
brick- red. 

Perghromtc  acid  is  obtained,  according  to  Barreswil,  by  mixing 
diromic  acid  with  dilute  binoxide  of  hydrogen  or  bichromate  of 
potassa  with  a  dilute  but  very  acid  solution  of  binoxide  of  barium  in 
hydrochloric  acid,  when  a  liquid  is  foi-med  of  a  blue  colour,  which  is 
removed  from  the  aqueous  sckution  by  ether.  The  compoeition  of  this 
very  nnstable  compound  is  perhaps  Cr,  O;^. 


A  salt  of  chromic  acid  is  at  once  recognized  by  its  behaviour  with 
solutions  of  baryta,  silver,  and  lead  \  and  also  by  its  colour  and  capa- 
bility of  furnishing,  by  deoxidation,  the  green' sesquioxide  of  chi'omium. 


Chlorochromic  acid,  CrOa-fCl.*— 3  parts  of  bichromate  of 
potassa  and  3}  parts  of  common  salt  aie  intimately  mixed  and  intro- 
duced into  a  small  glass  retort ;  9  parts  of  oil  of  vitriol  are  then  added, 
and  heat  applied  as  long  as  dense  red  vapours  aiiee.  The  product  is  a 
heavy  deep-red  liquid  resembling  bromine;  it  is  decomposed  by  water, 
with  production  of  chromic  and  hydrochloric  acids. 

•  If  this  formula  be  trebled,  we  obtain  Cr;vOoCls=2Cr03,  CrOs,  and  the 
iubsianoe  becomes  a  oompound  of  2  eq.  of  chromic  acid  and  l  eq.  of  tercbioride 
of  dirominm.    The  terahloride  of  chromium  Is  not  known  in  the  free  state. 
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Kickel  is  found  in  tolerable  abundance  in  some  of  the  metal-bearing 
veins  of  the  Snion  mDuntains,  in  Westphalia,  Hessia,  Hungary,  and 
Sweden,  chiefly  as  ai-senide,  the  kupfemickel  of  roineralc^ts,  so  called 
from  its  yellowish-red  colour.  The  word  niditl  is  a  term  of  detraction, 
having  been  applied  by  the  old  German  miners  to  what  was  looked 
upon  as  a  kind  of  fiilse  copper  ore. 

The  artificial,  or  perhaps  rather  merely  fused,  product,  called  apeiat, 
is  nearly  the  same  substance,  and  may  be  employed  as  a  source  of  tlie 
nickel-salts.  This  metal  is  found  in  meteoric  iron,  as  already  men- 
tioned. 

Nickel  is  easily  prepared  by  exposing  the  oxalate  to  a  high  white 
heat,  in  a  crucible  lined  with  chaixual,  or  by  reducing  one  of  the  oxides 
by  means  of  hydrogen  at  a  high  temperature,  it  is  a  white,  malleable 
metal,  having  a  density  of  8'8,  a  high  melting-point,  and  a  less  degree 
of  oxidability  than  iron,  since  it  is  but  little  attacked  by  dilute  acids. 
Nickel  is  strongly  magnetic,  but  loses  this  property  when  heated  to 
660°  (349°C).  This  metal  forms  two  oxides,  only  one  of  which  is 
basic.     The  equivalent  of  nickel  is  29*  b  ;  its  symbol  is  Ni. 

PROTOXiDii:  OF  NICKEL,  KiO. — ^This  compound  is  prepared  by  beat- 
ing to  redness  the  nitrate,  or  by  precipitating  a  soluble  salt  with  caustic 
potassa,  and  washing,  drying,  and  igniting  the  apple-green  hydrated 
oxide  thrown  dtiwn.  It  is  an  ashy-gray  powder,  freely  soluble  in  adds, 
which  it  completely  neutralizes,  being  isomorphous  with  magnesia,  and 
the  other  members  of  the  same  group.  The  salts  of  tliis  substance, 
when  hydrated,  have  usually  a  b^utiful  emei^d-green  colour ;  in  the 
anhydrous  state  they  are  yellow. 

bESQUioxiDE,  OB  PEROXIDE  OF  NICKEL,  Ni^O,. — This  oxide  is  a 
black  insoluble  substance,  prepaid  by  passing  chlorine  through  the 
hydrated  oxide  suspended  in  water;  chloride  of  nickel  is  formed,  and 
the  oxygen  of  the  oxide  decomposed  transfened  tu  a  second  portion.  It 
is  also  produced  when  a  salt  of  nickel  is  mixed  with  a  solution  of  bleach- 
ing-powder.  The  ^e^quioxide  is  decomposed  by  heat,  and  evolves  chlo- 
rine when  treated  with  hot  hydrochloric  acid. 

Chloride  of  nickel,  NiCl.— This  is  easily  prepaied  by  dissolving 
oxide  or  carbonate  of  nickel  in  hydrochloric  acid.  A  green  solution  Si 
obtained  which  furnishes  crystals  of  the  same  colour,  containing  water. 
When  rendered  anhydrous  by  heat,  the  chloride  is  yellow,  unless  it  con- 
tains cobalt,  in  which  case  it  has  a  tint  of  green. 

Sulphate  of  nickel,  KiO,SO,-f  7U0.— This  is  the  most  im- 
portant of  the  salts  of  nickel.  It  forms  green  prismatic  crystals,  con* 
taining  7  equivalents  of  water,  which  require  3  parts  of  cold  water  for 
solution.  Ci  ybtals  with  6  equiv.alents  of  water  have  also  been  obtained. 
It  forms  with  the  sulphates  of  potassa  and  ammonia  beautiful  double 
salts,  NiO,SO,-f  K0,S0,-f6H0  and   NiO,SO, -h  NH,0,S0,-h6H0. 
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When  a  strong  solation  of  oxrHc  add  is  mixed  with  sulphate  of  nickel, 
a  pale  bluish-^reen  precipitate  of  oxalate  falls  after  some  time,  Tery 
little  nickel  lemaining  in  solaticm.  The  oxalate  can  thus  be  obtained 
for  preparing  the  metal. 

CARBONA.TE  OF  NICKEL. — ^When  solutioDs  of  sulphate  or  chloride 
of  nickel  and  of  carbonate  of  soda  are  mixed,  a  )iale-green  precipitate 
falls,  which  is  a  combination  of  carbonate  and  hydrate  of  nickel.  It  is 
)readil  J  decomposed  by  heat. 

Pure  salts  of  nickel  are  conveniently  prepared  on  the  small  scale  from 
crude  5]jeiss  or  kupferiiickel  by  the  following  process: — The  mineral  is 
broken  into  small  fragments,  mixed  with  from  one-fourth  to  half  its 
weight  of  iron  filings,  and  the  whole dissol red  in  aquaregia.  The  solu- 
tion is  gently  evaporated  to  diyness,  the  residue  treated  with  boiling 
water,  and  the  insoluble  arsenate  of  iron  removed  by  a  filter.  The 
liquid  is  then  acidulated  with  hydrochloric  acid,  treated  with  sulphur- 
etted hydrogen  in  eicess,  which  precipitates  the  copper,  and,  alter  tiltni  • 
tion,  boiled  with  a  little  nitric  acid  to  bring  back  the  iron  to  the  state 
of  aesquioxide.  To  the  cold  and  largely-diluted  liquid  i«olution  of  bicar- 
bonate of  soda  is  gradually  adderl,  by  which  the  sesquioxide  of  iron  may 
be  completely  separated  without  Iom  of  nickel-salt.  Lastly,  the  filtered 
solution,  boiled  with  carbonate  of  soda  in  excesx,  yields  an  abundant 
]«le-green  precipitate  of  cai'bonate  of  nickel,*  from  which  all  the  other 
0(»npounds  may  be  prepare*!. 

The  salts  of  nickel  are  well  characterized  by  their  behaviour  with 
reagents. 

Caustic  alkalis  give  a  pale  apple-green  precipitate  of  hydrate,  inso- 
luble in  excess. 

Ammonia  affords  a  simihr  precipitate,  which  is  soluble  in  excess, 
with  deep  purplish-blue  colour. 

Carbonate  of  potassa  and  soda  give  pale-green  precipitates. 

Carbonate  of  ammonia,  a  similar  precipitate,  soluble  in  excess,  with 
blue  colour. 

Ferrocyanide  of  potassium  gives  a  greenish-white  precipitate. 

Cyanide  of  potassium  produces  a  green  precipitate,  which  dissolves 
in  an  excess  of  the  precipitant  to  an  amber-coloured  liquid,  which  is 
re-precipitated  by  addition  of  hydrochloric  acid. 

Sulphuretted  hydrogen  occasions  no  change,  if  the  nickel  be  in  com« 
bination  with  a  strong  acid. 

Sulphide  of  ammonium  produces  a  black  precipitate  of  sulphide  of 
bickel  in  solutions  of  nickel  salts:  this  precipitate  dissolves  in  a  slight 
excess  of  the  precipitant  with  a  dark-brown  colour  ;  sulphide  of  nickel 
wbeti  once  precipitated  is  insoluble  in  dilute  hydrochloric  acid,  it  is 
soluble  in  aqua  regia  and  in  hot  nitric  acid. 

*  This  precipitate  may  still  contain  cobalt,  which  can  only  be  separated  ftom 
It  bjr  very  complicated  pruoewes,  for  which  the  more  advanced  student  Is  re- 
tared  to  Lleblg  and  Kopp's  Annual  Keport,  U.  334. 


344  COBALT. 

The  chief  use  cf  nickel  in  the  arts  is  in  the  preparnUon  of  a  white 
alloy,  Fometimes  called  German  silver,  made  by  melting  together  100 
parts  of  copper,  60  of  zinc,  and  40  of  nickel.  This  alloy  is  very  mal- 
leable, and  takes  a  high  polish. 

CX)BALT. 

This  substance  bears,  in  many  respects,  an  extraordinary  resemblance 
to  the  metal  last  described :  it  is  otlen  associated  with  it  in  nature,  and 
may  be  obtained  from  its  compounds  by  similar  means.  Cobalt  is  a 
white,  brittle,  yery  tenadoas  metal,  having  a  specific  gravity  of  8*5, 
and  a  very  high  melting-point.  It  is  unchanged  in  the  air,  and  bat 
feebly  attacked  by  dilute  hydrochloric  and  sulphuric  acidft.  It  is 
strongly  magnetic.  There  are  two  oxides  of  this  metal,  oorrespondiag 
in  properties  and  constitution  with  those  of  nickel. 

The  equivalent  of  cobalt  is  29*5;  its  symbol  is  Co. 

Protoxide  of  cobalt,  CoO. — This  is  a  gray  powder,  very  soluble 
in  acids,  and  is  a  strong  base,  isomorphous  with  magnesia,  affording 
salts  of  a  fine  red  tint.  It  is  prepared  by  precipitating  sulphate  or 
chloride  of  cobalt  with  carbonate  of  soda,  and  washing,  drying,  and 
igniting  the  precipitate.  When  the  cobalt-solution  is  mixed  with 
caustic  potassa  a  beautiful  blue  precipitate  falls,  which,  when  heated, 
becomes  violet,  and  at  length  a  duty  red,  from  absorption  of  oxygen 
and  a  change  in  the  state  of  hydration. 

Sksqqioxide  of  cobalt,  Co^O,.—  The  sesquioxide  is  a  black,  inso- 
luble, neutral  powder,  obtained  by  mixing  solutions  of  cobalt  and  of 
chloride  of  lime. 

Co  BALTIC  ACID. — By  fusing  protoxide  or  sesquioxide  of  cobalt  with 
hydrate  of  potassa,  Schwarzenberg  obtained  a  crystalline  compound, 
which  appears  to  be  the  potassa-salt  of  cobaltic  acid.  This  salt  has 
the  unusual  formula,  KCSCogOj+SHO. 

Chloride  of  cobalt,  CoCl. — ^The  chloride  is  easily  prepared  by 
dissolving  the  oxide  in  hydrochloric  acid :  it  gives  a  deep  ro$«»red 
solution,  which,  when  sufficiently  strong,  deposits  hydrated  crj'stals  of 
the  same  colour.  When  the  liquid  is  evaporated  by  heat  to  a  very 
small  bulk,  it  deposits  anhydrous  crystals  which  are  blue :  these  latter 
by  contact  with  water  again  dissolve  to  a  red  liquid.  A  dilute  solu- 
tion of  chloride  of  cobalt  constitutes  the  well-known  hitte  sympathttie 
ink:  characters  written  on  paper  with  this  liquid  are  invisible  from 
their  paleness  of  colour  until  the  salt  has  been  rendered  anhydrous  by  ex- 
posure to  heat,  when  the  letters  appear  blue.  When  laid  aside,  mois- 
ture is  absorbed,  and  the  writing  once  more  disappears.  Green  sympa- 
thetic ink  is  a  mixture  of  the  chlorides  of  cobalt  and  nickel. 

Chloride  of  cobalt  may  be  prepared  directly  from  cobait^giancet  the 
native  arsenide  by  a  process  exactly  similar  to  that  described  in  the  case 
of  nickel. 

Sulphate  of  cobalt,  CoO,SO,-h7HO. — This  salt  forms  brownish- 
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red  crystals,  requiring  for  solution  24  parts  of  cold  water :  ih^j  are 
identical  in  form  with  those  of  sulphate  of  magnesia.  It  combines 
with  the  sulphates  of  potassa  and  ammonia,  forming  double  salts, 
which  contain  as  usual  6  equiTalents  of  water. 

A  solution  of  oxalic  acid  added  to  one  of  sulphate  of  cobalt  occa- 
sions, after  some  time,  the  separation  of  nearly  the  whole  of  the  base 
in  the  state  of  oxalate. 

Carbonate  of  cobalt. — The  alkaline  carbonates  produce  in  solu- 
tions of  cobalt  a  pale  peach-blossom-coloured  precipitate  of  combined 
carbonate  and  hydiate,  containing  3(CoO,  HO)+2(CoO,CX)«). 


The  salts  of  cobalt  have  the  following  characters  : — 

Solution  o£  potassa  gives  a  blue  precipitate,  changing  by  heat  to 
violet  and  red. 

Ammonia  gives  a  blue  precipitate,  soluble  with  difficulty  in  excess, 
with  browni»h*red  colour. 

Carbonate  of  soda  affords  a  pink  precipitate. 

Carbonate  of  ammonia,  a  similar  compound,  soluble  in  excess. 

Ferrocyanide  of  potassium  gives  a  grayish-green  precipitate. 

Cyanide  of  potasdum  affords  a  yellowish-brown  precipitnte,  which 
dissolves  in  an  excess  of  the  precipitant.  The  clear  solutions,  after 
boiling,  may  be  mixed  with  hydrochloric  acid  without  giving  a  preci- 
pitate. 

Sulphuretted  hydrogen  produces  no  change,  if  the  cobalt  be  in  com- 
bination with  a  strong  acid. 

Sulphide  of  ammonium  throws  down  black  sulphide  of  cobalt,  in- 
soluble in  dilute  hydrochloric  acid.* 


Oxide  of  cobalt  is  remarkable  for  the  magnificent  blue  colour  it 
communicates  to  glass :  indeed,  this  is  a  character  by  which  its  pre- 
sence may  be  most  easily  detected,  a  veiy  small  portion  of  the  sub- 
stance to  be  examined  being  fused  with  borax  on  a  loop  of  platinum 

*  A  peculiar  class  of  cobalt^ialts  has  been  discoyered,  which  exhibit  reactions 
to  many  respects  different  from  those  above  quoted.  1'heae  compounds  are 
produced  by  the  action  of  ammonia  upon  the  ordinary  salts  of  cobalt.  'Ilielr 
soiutiotis  are  not  precipitated  by  the  canstic  and  carbonated  alkalis.  These 
anomak^UB  colnlt-<-ompottndB  are  but  imperfectly  underst(*od ;  they  appear  to 
be  allied  to  tiie  M>-called  platinum  bases  to  be  noticed  lurther  on  under  the  head 
of  {Hatlnum.  The  following  formuhe  may  afford  an  idea  of  the  oomposUion  of 
these  substances:—- 

3NH3CoCl,HO    .       .  Chloride  of  cobalt-ammonium. 

3NH3  G02OS.2NO5,  2  HO .  Nitrate  of  oxicoMt  ammonia. 

5NH3  CosO>.  3NO5       .  .    Nitrate  of  rwieo-cobalt 

SNHs  Co^^ls     .       .        .  Chloride  of  purpureo-cubalt 

6NU3  C02CI3        .       .  .    Oilorlde  of  luteo-cobalt. 

For  information  regarding  these  compounds  the  reader  is  referred  to  the 
Memoir  of  Messrs.  Genth  and  Glbbs.  (Transactions  of  the  Smithsonian  Insti- 
tuie.) 
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wire  before  the  blowpipe.  The  siibstAooe  called  smaJt,  used  as  i 
pigment,  consists  of  glass  coloured  by  oxide  of  cobalt:  it  is  thus 
made : — The  cobalt  ore  is  roasted  uutil  nearly  fnt  from  arsenicr  and 
then  fused  with  a  mixture  of  carbonate  of  potaasa  and  quartz-sand, 
free  from  oxide  of  iron.  Any  nickel  that  may  happen  to  be  contained 
in  the  ore  then  subbides  to  the  bottom  of  the  crucible  as  arsenide :  this 
is  the  speisa  of  which  mention  has>  alivady  been  made.  The  glass,  when 
complete,  is  removed  and  poured  into  cold  Water:  it  is  afterwards 
ground  to  powder  and  elutriated.  CotcUt'Ultramarine  is  a  fine  Mae 
i-olour  prepaied  by  mixing  16  parts  of  fi-eshly-precipitated  alumina 
with  2  parts  of  phosph.itc  or  arsenate  of  cobalt :  this  mixture  is  drivd 
and  slowly  heat«l  to  rednessi.  By  daylight  the  colour  is  pure  bitie, 
but  by  artiHcial  light  it  in  violet.  A  similar  compound  of  a  fiD« 
green  colour  is  formed  by  igniting  oxide  of  zinc  with  salts  of  cobalt. 
Zaffer  is  the  roasted  cobalt  ore  mixed  with  a  quantity  of  aliceous 
sand,  and  reduced  to  fine  powder :  it  is  used  in  Miamel  painting.  A 
mixture  in  due  proportions  of  the  oxides  of  cobalt,  manganese,  and  iron 
is  used  for  giving  a  6ne  blai-k  colour  to  glass. 

ziNa 

Zinc  is  n  somewhat  abundant  metal :  it  is  found  in  the  sUite  of  car- 
bonnte,  silicate,  and  sulphide,  associated  with  lead  ores  in  many  dis- 
tricts, both  in  Britain  and  on  the  Continent :  large  supplies  aie  ob- 
tained from  Silesia,  and  from  the  neighbourhood  of  Aix  la  Chapelle. 
The  native  carbonate,  or  caUtminey  is  the  most  valuable  of  the  zinc 
ores,  and  is  preferred  for  the  extraction  of  the  metal :  it  is  first  roasted 
to  expt>l  water  and  carbonic  acid,  mixed  with  fragments  of  coke  or 
cliarcoal,  and  then  distilled  at  a  full  red-lieat  in  a  lurge  earthen 
retort ;  carbonic  oxide  escapes,  while  the  reduced  metal  volatilizes  and 
is  condensed  by  suitable  means,  generally  with  minute  quantities  of 
arsenic. 

Zinc  is  a  bluish-white  metal,  which  slowly  tarnishes  in  the  air:  it 
has  a  lamellar,  crystalline  structure,  a  density  varying  from  68  to  7*2, 
and  is,  under  ordinary  circumstances,  brittle.  Between  250°  (121'^C) 
and  300°  (149*^0^  it  is,  on  the  contraiy,  malleable,  and  may  be  rolled 
or  hammered  without  danger  of  fracture ;  and,  what  is  very  remark- 
able, after  such  treatment,  retains  its  malleability  when  cold:  the 
sheet-zinc  of  commerce  is  thus  made.  At  400°  (204°*4C)  it  is  so 
brittle  that  it  may  be  i-educed  to  powder.  At  773°  (411*'-6C) 
it  melts:  at  a  bright  red-heat  it  boils  and  volatilises,  and,  if  air  be 
admitted,  bums  with  a  splendid  greenish  light,  generating  the  oxide. 
Dilute  adds  dissolve  zinc  very  readily:  it  is  constantly  employed  iu 
this  manner  in  preparing  hydrogen  gas. 

The  equivalent  of  zinc  has  been  fixed  at  32-6 ;  its  symbol  is  Zn. 

Protoxide  of  zinc,  ZnO. — Only  one  oxide  of  this  metal  is  known 
to  exist :  it  is  a  strung  base,  in  iti  compounds  isomor|^ous  with  mag- 
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it  19  prepared  either  hj  banting  zinc  in  atmospheric  air,  or  by 
beating  the  carbonate  to  i-ednem.  O&ide  of  zinc  is  a  white  tasteless 
powder,  insoluble  in  water,  but  freelj  dissolved  by  acids.  When 
heated  it  is  yellow,  but  turns  white  again  on  cooling.  It  is  getting 
into  use  as  a  substitute  for  white  lead.  To  prepare  zinc-white  on  a 
large  scale,  metallic  zinc  is  yolatilized  in  large  earthen  muffles,  whence 
the  zinc  vapour  passes  into  a  small  receiver  (gueiite),  where  it  comes 
in  contact  with  a  current  of  air  and  is  oxidized.  The  oxide  of  zinc 
thus  formed  passes  immediately  into  a  condensing  chamber  divided 
into  several  compartments  by  cloths  suspended  within  it 

Sulphate  op  zinc  ;  white-vitriol  ;  ZnO,  SO,  +  7 HO.  This 
salt  is  hardly  to  be  distinguished  by  the  eye  from  sulphate  of  mag- 
nesia :  it  is  prepHred  either  by  dissolving  the  metal  in  dilute  sulphuric 
add,  or,  more  economically,  by  roasting  the  native  sulphide,  or  blende, 
which,  by  absoi-ption  of  oxygen,  becomes  in  great  part  convei-ted  into 
sulphate  of  the  oxide.  The  altered  mineral  is  thrown  hot  into  water, 
and  the  salt  obtaiiied  by  evaporating  the  clear  solution.  Sulphate  of 
zinc  has  an  astringent  metallic  taste,  and  is  UMd  in  medicine  as  an 
emetic.  The  crystals  dissolve  in  2^  parts  of  cold,  and  in  a  much 
smaller  quantity  of  hot  water.  Ci  yi^tais  containing  6  equivalents  oi 
water  ha%'e  been  observed.  Sulphate  of  zinc  forms  double  salts  with 
the  sulphates  of  potaaia  and  ammonia. 

CAaiiONATE  OF  ZINC,  ZnO,C02. — "^^^  neutral  carbonate  is  found 
Dative ;  the  white  precipitate  obtained  by  mixing  solutions  of  zinc  and 
of  alkaline  carbonates  is  a  combination  of  carbonate  and  hydrate. 
When  heated  to  redness,  it  yields  pui*e  oxide  of  zinc. 

Chloride  of  zinc,  ZnCl.  —  The  chloride  may  be  prepared  by 
heating  metallic  zinc  in  chlorine :  by  distilling  a  mixture  of  zinc- 
filings  and  cori'osive  sublimate;  or,  more  easily,  by  dissolving  zinc  in 
hydi-ochloric  acid.  It  is  a  nearly  white,  translucent,  fusible  substance, 
very  soluble  in  water  and  alcohol,  and  very  deliquescent.  A  strong 
solution  of  chloride  of  zinc  is  sometimes  used  as  a  bitth  for  obtaining 
a  graduated  heat  above  212°  (lOO^C).  Chloride  of  zinc  unites  with 
sal-ammoniac  and  chloride  of  potassium  to  double  salts :  the  former 
of  these,  made  by  dissolving  an  equivalent  of  zinc  in  the  requisite 
quantity  of  hydrocblonc  acids,  and  then  adding  an  equivalent  of  sal- 
ammoniac,  is  very  useful  in  tinning  and  soft-soldering  copper  and  iron. 

A  salt  of  zinc  is  easily  distinguished  by  appropriate  reagents. 

Caustic  potassa  and  soda  give  a  white  precipitate  of  hydrate,  freely 
soluble  in  excess  of  alkali. 

Ammonia  behaves  in  the  same  manner ;  an  excess  re-dissolves  the 
precipitate  Instantly. 

The  carbonates  of  potassa  and  soda  give  white  precipitates,  insoluble 
ia  excess. 

Carbonate  of  ammonia  gives  also  a  white  precipitate,  which  ia  re- 
dissolved  by  an  excess. 
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Ferrocranide  of  potAssinni  gives  a  white  precipiUte. 

Sulphuretted  hydrogen  cauws  no  change.^ 

Sulphide  of  ammonium  throws  down  white  sulphide  of  zinc. 

The  applications  of  metallic  zinc  to  the  purposes  of  roofing,  \he 
struction  of  water-channels,  &c.,  are  well  known ;  it  is  sufficieothf 
durable,  but  inferior  in  this  respect  to  oopper. 

CADMIUM. 

This  metal  was  disoovered  in  1817  by  Stromeyer,  and  by  Hernuiiin  : 
it  nocompanies  the  ores  of  zinc,  efipecially  those  occurring  in  Silesia, 
and,  being  more  volatile  than  that  substance,  rises  first  in  vaponr 
when  the  calamine  is  subjected  to  distillation  with  charcoal.  Cad- 
mium resembles  tin  in  colour,  but  is  somewhat  harder :  it  is  ^ery 
malleable,  has  a  density  of  8*7,  melts  below  500°  (260%),  and  is 
nearly  as  volatile  as  mercury.  It  tarnishes  but  little  in  the  air, 
but,  when  strongly  heated,  bums.  Dilute  sulphuric  and  hydrochloiic 
arids  act  but  little  on  this  metal  in  the  cold ;  nitric  acid  is  its  best 
solvent. 

The  equivalent  of  cadmium  is  56;  its  symbol  is  Cd. 

Protoxide  of  cadmium,  CdO. — The  oxide  may  be  prepared  by 
igniting  eithei'  the  carbonate  or  the  nitrate :  in  the  former  case  it  has  a 
pale-brown  colour,  and  in  the  latter  a  much  darker  tint  and  forms 
octahedral  microscopic  crystals.  Oxide  of  cadmium  is  infusible :  it 
diw^olves  in  acids,  producing  a  series  of  colourless  salts :  it  attracts 
carbonic  acid  from  the  atmosphere  and  turns  white. 

Sulphate  of  CADMiUM,CdO,S03+4HO.— This  is  easily  obtained 
by  dissolving  the  oxide  or  carbonate  in  dilute  sulphuric  acid :  it  is  very 
soluble  in  water,  and  forms  double  salts,  with  the  sulphates  of  potassa 
and  of  ammonia,  wliich  contain  respectively  CdO,SO,-|-KO,SOj4-6HO 
and  CdO,SO,+NH^O.SO,4-6HOi 

Chloride  cf  cadmium,  CdCi. — This  is  a  very  soluble  salt,  crys- 
tallizing in  small  four-sided  prisms. 

Sulphide  of  cadmium  is  a  very  characteristic  compound,  of  a 
bright-yellow  colour,  forming  microscopic  crystals,  fusible  at  a  high 
temperature.  It  is  obtained  by  passing  sulphuretted  hydix^en  gas 
through  a  solution  of  the  sulphate,  nitiate,  or  chloride.  This  com- 
pound is  useful  as  a  yellow  colouring  matter,  of  great  beauty  and  per* 
manence.    It  occurs  native  as  greenokite. 

The  salts  of  cadmium  are  thus  distinguished : — 

Fixed  caustic  alkalis  give  a  white  precipitate  of  hydrated  oxide,  in- 
soluble in  excess. 

Ammonia  gives  a  similar  white  precipitate,  readily  soluble  in  excess. 

The  alkaline  carbonates,  and  carbonate  of  ammonia,  throw  down 

•  With  nentral  solutions,  or  ztnc-salts  of  an  organic  add,  a  white  precipitate 
ensues. 
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white  carbonate  of  cadmium,    insoluble  in  excess  of  either  pred- 
pitaot. 

Sulphuretted  hydrogen  and  sulphide  of  ammonium  precipitate  the 
jelluw  sulphide  of  cadmium. 

BISMUTH. 

Bismuth  is  found  chiefly  in  the  metallic  state,  dissemimited  through 
various  rocks,  from  which  it  is  sepaxtited  by  simple  exposure  to  heat. 
The  metal  is  highly  crystalline  and  very  brittle:  it  has  a  reddish- 
vhite  colour,  and  a  density  of  9*9.  Crystals  of  great  beauty  may  be 
obtained  by  alowly  cooling  a  considei-able  mass  of  this  substance  until 
lolidiiication  has  commenced,  and  then  piercing  the  ciunt,  and  pouring 
out  the  fluid  residue.  Bismuth  melts  at  about  ^00^  (260°i;),  and 
ToUtilizes  at  a  high  temperatui-e :  it  is  little  oxidized  by  the  air,  but 
bums  when  sti-ongly  heated  with  a  bluish  flame.  Nitric  acid,  some- 
wliat  diluted,  diwolvo^  it  freely. 
The  equit'alent  of  bismuth  is  210;  its  symbol  is  Bi. 
Teboxide  of  bismuth,  BiOj. — lliis  is  the  bnse  of  all  the  salts.  It 
is  a  straw-yellow  powder,  obtarned  by  gently  igniting  the  neutral  or 
basic  nitrate.  It  is  fusible  at  a  high  temiierature,  and  in  that  state 
acts  towards  siliceous  matter  as  a  poweiful  flux. 

BisMUTHiG  ACID,  biOy  —If  terozide  of  bismuth  be  suspended  in  a 
strong  solution  of  potassa,  and  chlorine  be  passed  through  this  liquid, 
decomposition  of  water  ensues ;  hydrochloric  acid  being  formed  and  the 
teroiide  being  converted  into  the  pent^xide.  To  wparate  any  teroxide 
whidi  may  have  escaped  oxidation,  the  powder  is  treated  with  dilute 
nitric  acid,  wheu  the  bismuthic  acid  is  lelt  as  a  reddish  powder,  which 
is  insoluble  in  water.  This  substance  combines  with  bases,  but  the 
compounds  are  not  very  well  known.  When  heated  it  loses  oxygen,  an 
intermediate  oxide  BiO^  being  formed,  which  may  be  oonsideied  as  bis- 
muthate  of  bismuth,  2Bi04  =  BiO,,  BiO^. 

NiTa.iTE  OP  BISMUTH,  BiOytdiN'O^+lOHO. — When  bismuth  isdis- 
solred  in  moderately-sti*ong  nitric  acid  to  saturation,  and  the  whole  left 
to  ooul,  large,  colourless  tiiuisparent  crystids  of  the  neutral  nitrate  are 
deposited.     Water  decomposes  these  crystals ;  an  acid  solution  contain- 
ing a  little  bismuth  is  obtaiued,  and  a  biilliant  white  crystalline  powder 
^  left,  which  vaiies  to  a  certain  extent  in  comfKwition  according  to  the 
^nnperature  and  the  quantity  of  water  employed,  but  which  fiequently 
CDiisisU  of  a  basic  nitrate  of  the  teroxide  BiO„  N05,-h2HO.     A  solu- 
tion of  nitrate  of  bismuth,  free  from  any  gieat  excess  of  acid,  poured 
into  a  large  quantity  of  cold  water,  yields  an  insoluble  basic  nitrate, 
very  similar  in  appearance  to  the  above,  but  containins;  rather  a  larger 
ft'oportioQ  of  tei-oxide  of  bismuth.     This  remarkable  decomposition 
illnstrates  at  once  the  basic  propei-ty  of  water,  and  the  feeble  afliuity 
of  teixixide  of  bismuth  for  acids,  the  nitric  acid  dividing  it'>elf  between 
^  two  bases.     The  decomposition  of  a  neutral  salt  by  water  is  by  no 
means  an  uncommon  occurrence  in  the  history  of  the  metals;  a  solution 
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of  terchioiide  ofnnlimony  exhibits  the  same  phenomenon:  certnia  mHs 
of  mercury  ara  afl'ected  in  n  similar  manner,  and  other  cases  mi^t 
perhaps  be  cited,  less  conspicuous,  where  the  same  change  takes  place 
to  a  smaller  extent. 

The  basic  nitrate  of  teroxl  1e  of  bismuth  was  once  extensirely  en- 
ployed  as  a  cosmetic,  but  it  is  said  to  injure  the  skin,  rendering  it  yellow 
and  leather-like.     It  is  used  in  medicine. 

The  other  salts  of  bi&muth  possess  few  points  of  interest. 


Bismuth  is  sufficiently  characterized  by  the  decomposition  of  the 
nitrate  by  water,  and  by  the  blHckening  the  nitrate  undei^goes  when 
exposed  to  the  ai-tion  of  sulphuretted  hydrc^en  gas. 

A  mixture  of  8i«pAi*t8  of  bismuth,  5  parts  of  lead,  and  3  of  tin,  is 
known  under  the  name  of  fusible  metal,  and  is  employed  in  taking 
impressions  from  dies  and  for  other  pui poshes:  it  melts  below  212° 
(100°C).  The  discrepancies  so  frequently  observed  between  the  pro- 
perties of  alloys  and  those  of  their  constituent  metals,  plainly  show  that 
such  substances  must  be  looked  upon  as  true  chemical  compounds,  and 
not  as  mere  mixtures:  in  the  present  case  the  proof  is  complete,  for 
the  fusible  metal  has  lately  been  obtained  in  crystals. 

DBANIUU. 

This  metal  is  found  in  a  few  minerals,  as  pitchhlende  and  vranSe, 
of  wliich  the  former  is  the  more  abundant.  According  to  M.  Peligot, 
the  substance  obtained  bv  the  action  of  hydrogen  gss  upon  the  black 
oxide,  and  formerly  taken  for  metallic  uranium,  is  not  in  i-eality  the 
metal,  hut  a  protoxide,  capable  of  uniting  directly  with  acids,  and,  like 
the  protoxide  of  manganese,  not  decomposable  by  hydrogen  at  a  red- 
heat.  The  metnl  itiielf  can  be  obtained  only  by  the  intervoition  of 
potassium,  applied  in  the  same  manner  as  in  the  preparation  of  mag- 
nesium. It  is  described  as  a  black  coherent  powder,  or  a  white  nsal- 
leable  metal,  according  to  the  state  of  nggi^ntion,  not  oxidized  by  air 
or  water,  but  eminently  combustible  when  exposed  to  heat.  It  unites 
also  with  great  violence  with  chlonne  and  with  sulphur.  M.  Peligot 
admits  three  distinct  oxides  of  uranium,  besides  two  other  compounds 
of  the  metal  and  oxygen,  which  he  designates  as  suboxides. 

The  equivalent  of  uranium  is  60.     Its  symbol  is  U. 

PfU)TOXiDK  OP  CRANIUM,  UO- — This  is  the  body  formerly  con- 
sidei'ed  as  the  metal :  it  is  piepared  by  several  pixxresses,  one  of  which 
has  been  already  mentioned.  It  is  a  brown  powder,  sometimes  highly 
crystalline.  When  in  minute  division  it  is  pyrophonc,  taking  fire  in 
the  air,  and  burning  to  black  oxide.  It  forms  with  acids  a  series  of 
green  salts.  A  correspondmg  chloride  exists,  which  forms  dark-green 
octahedral  crystals,  highly  deliquescent  and  soluble  in  water.  M.  Peli* 
got  attributes  a  x^rj  extraordinary  double  function  to  this  substance, 
namely,  that  of  acting  as  a  protoxide  and  forming  salts  with  acids,  and 
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that  of  combining  with  chlorine  or  oxjgea  after  the  fashion  of  an  ele- 
mentary body. 

pROTO-SVaQUIOXIDE  OP  URANIUM ;  BLACK  iAlDE ;  U^O^,  or  2U0 
+U^O,. — The  black  oxide,  formerly  considei'ed  as  protoxide,  is  pro- 
doCed  when  either  protoxide  or  sesquioxide  is  strongly  hented  in  the  air, 
the  former  gaining,  and  the  latter  losing,  a  certain  quantity  of  oxygen. 
It  forms  no  salts,  but  is  resolved  by  solution  in  acids  into  protoxide  and 
sesquioxide.    It  is  extensively  used  in  painting  on  glass  and  porcelain. 

Se»qi7ioxidb  of  uranium,  (J^O,.— The  scsquioxide  is  the  best 
known  and  most  important  of  the  three:  it  foi*ms  a  number  of  ex- 
tremely beautiful  gi-eeni>h-yellow  salts.  When  cauhtic  alkali  is  added  to 
a  solution  of  nitrate  of  sesquioxide  of  uranium,  a  yellow  precipitate  of 
hydrated  oxide  falls,  which  retains,  however,  a  portion  of  the  preci- 
pitant. The  hydrate  cannot  be  exposed  to  a  heat  sufficient  to  expel 
the  water  without  a  cummenoement  of  decomposition.  A  better 
method  of  obtaining  the  se::<quioxide  is  to  heat  by  means  of  an  oil-tath 
the  powdered  and  dried  ciystal-*  of  the  nitrate  to  480°  (249°C),  until 
no  more  niti-ous  fumes  are  disengaged.  Its  colour  in  this  state  is 
chamois-yellow. 

Nitrate  of  sfsquioxide  op  uranium,  UgO,  N0g+6H0;  or 
(U,0,)  O,  NO4+6HO;  U,0,  being  the  supposed  quasi-metal. — This 
nitrate  is  the  starting-point  in  the  preparation  of  all  the  com)M>und8  of 
uranium :  it  may  be  prepared  from  pitchblende  by  di-ssolving  the 
pulverized  mineral  in  nitric  acid,  evaporating  to  dryness,  adding  water 
and  filtering ;  the  liquid  furnishes  by  due  evaporation  crystals  of  nitrate 
of  uranium,  which  are  purified  by  a  repetition  of  the  process,  and, 
lastly,  dissolved  in  ether.    This  latter  solution  yields  the  pure  nitrate. 

The  green  salts  of  uranium  are  peroxidized  by  boiling  with  nitiic  acid. 


A  yellow  precipitate  with  caustic  alkalis,  convertible  by  heat  into 
black  oxide ;  a  brown  precipitate  with  sulphide  of  ammonium ;  and 
no  precipitate  with  sulphuretted  hydrogen  gas,  sufficiently  characterize 
the  salts  of  sesquioxide  of  uranium.  A  solution  suspected  to  contain 
protoxide  may  be  boiled  with  a  little  nitric  acid,  and  then  examined. 

The  only  application  of  uranium  is  that  to  enamel  painting  and  the 
staining  of  glass;  the  protoxide  giving  a  fine  black  colour,  and  the 
sesquioxide  a  delicate  yellow.     It  has  been  used  in  phot(^raphy. 

copper. 

Copper  is  a  metal  of  great  value  in  the  arts :  it  sometimes  occurs  in 
the  metallic  state,  crystallized  in  octah^ra,  or  more  frequently  in 
dodet^edra,  but  is  more  abundant  in  the  condition  of  I'ed  oxide,  tmd 
in  that  of  sulphide  combined  with  sulphide  of  iron,  as  yeUoto  coppet 
orCf  or  capper  pyrites.  Large  quantities  of  the  latter  substance  are 
annually  obtained  from  the  Cornish  mines  and  taken  to  South  Wales 
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for  reduction,  which  is  effected  by  a  somewhat  complex  process.  The 
principle  o(  this  maj.  however,  be  easily  made  intelli|rible.  *  The  ore  is 
roasted  in  a  reverberatory  furnace,  by  which  much  of  the  sulphide  of 
iion  is  conveiled  into  oxide,  while  the  sulphide  of  copper  remains  un- 
altereJ.  The  product  ot  this  operation  is*  then  strongly  heated  with 
siliceous  sand ;  the  latter  combines  with  the  oxide  of  iron  to  a  fusifale 
siagt  and  separates  from  the  heavier  copper-compound.  When  the  iron 
has,  by  a  repetition  of  these  processes,  been  got  rid  of,  the  sulphide  of 
copper  begins  to  decompose  in  the  flame-fuinaoe,  losing  its  sulphur  and 
absorbing  oxygen ;  the  temperature  is  then  raised  sufficienlly  to  reduce 
the  oxide  thus  produced,  by  the  aid  of  carbonaceous  matter.  The  last 
part  of  the  op<*ration  consists  in  thrusting  into  the  melted  metal  a  pole 
of  birch-wood,  the  object  of  which  is  probably  to  reduce  a  little  re- 
maining oxide  by  the  combustible  gases  thus  generated.  Large  quaii> 
titles  of  exti-emely  valuable  oi-e,  chiefly  carbonate  and  red  oxide,  hare 
lately  been  obtained  from  South  Austiulia  and  Chili. 

Copjier  has  a  well-known  yellowisb-i'ed  colour,  a  specific  grayity  of 
8 '96,  and  is  very  malleable  and  ductile:  it  is  an  excellent  conductor 
of  heat  and  electricity :  it  melts  at  a  bright  red-heat,  and  seems  to  be 
a  little  volatile  at  a  very  high  tem|ierature.  Copper  undei^oes  no 
change  in  dry  air:  exposed  to  a  moist  atmosphere,  it  becomes  covered 
with  a  strongly-adhei-ent  green  crust,  consisting  in  a  great  measure  of 
carbonate.  Heated  to  redness  in  the  air,  it  is  quickly  oxidized, 
becoming  covered  with  a  black  scale.  Dilute  sulphuric  and  hydro- 
chloric acids  scarcely  act  upon  copper ;  boiling  oil  of  vitriol  attacks  it 
with  evolution  of  sulphurous^  acid ;  nitric  acid,  even  dilute,  dissolves 
it  readily  with  evolution  of  binoxide  of  niti'ogen.  Two  oxides  are 
known  which  form  salts ;  a  third,  or  peroxide,  'is  said  to  exist. 

The  equivalent  of  cop))er  is  31  *  7 ;  its  symbol  Cu. 

Paotoxide  of  copi'£R;  black  oxide;  CuO. — ^This  is  the  base 
of  the  ordinary  blue  and  green  salts.  It  is  prepared  by  calcining 
metallic  copper  at  a  red-heat,  with  full  exposure  to  air,  or,  more  con- 
veniently, by  heating  the  nitrate  to  redness,  which  suffera  complete 
decomposition.  When  a  salt  of  this  oxide  is  mixed  with  caustic 
alkali  in  excess,  a  bulky  pale-blue  pi-ecipitate  of  hydrated  oxide  falls, 
which,  when  the  whole  is  raised  to  the  boiling-point,  becomes  con- 
verted into  a  heavy  dark-brown  powder:  this  also  is  anhydrous 
oxide  of  copper,  the  hydrate  suffering  decomposition,  even  in  contact 
with  water.  The  oxide  prepared  at  a  high  temperature  is  perfectly 
black  and  very  dense.  Protoxide  of  copjxu*  is  soluble  in  acidi^ 
and  forms  a  series  of  very  important  salts,  being  ieomorphous  with 
magnesia. 

bCDOXiDE  OF  copper;  liED  OXIDE;  Cu,0. — The  suboxide  may 
be  obtained  by  heating  in  a  covered  crucible  a  mixture  of  5  parts  <^ 
black  oxide  and  4  pails  of  fine  copper  filings;  or  by  adding  gra))e- 
sugai-  to  a  solution  of  sulphate  of  copper,  and  then  putting  in  an  excess 
of  caustic  potassa,  the  blue  solution,  heated  to  ebullition,  i»  reduced  by 
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the  sagar,  and  deposits  suboxide.  It  often  occurs  in  beautifaUy  tninfl- 
parent  ruby-red  crystals,  associated  with  other  .ores  of  copper,  and  can 
be  obtained  in  this  state  by  artificial  means.  This  substance  forms 
colourless  salts  with  acids,  which  are  exceedingly  unstable,  and  tend 
to  absorb  oxygen.  The  suboxide  communicates  to  glass  a  magnifioent 
red  tint,  while  that  giren  by  the  protoxide  is  green. 

Sulphate  of  copper;  blub  vitriol;  CuO,SO,-|-5HO. — This 
beautiful  salt  is  prepared  by  dissolving  oxide  of  copper  in  sulphuric 
acid,  or,  at  less  expense,  by  oxidizing  the  sulphide.  It  forms  large 
bine  crystals,  soluble  in  four  parts  of  cold  and  two  of  boiling  water ; 
when  heated  to  212°  (lOC^C)  it  readily  loses  four  equiv-alents  of 
water  of  crjrstallizatiott,  but  the  fifUi  equivalent  is  retained  with  great 
pertinacity,  and  is  only  expelled  at  a  low  red-heat  At  a  very  high 
temperature  sulphate  of  oopper  is  entirely  converted  into  oxide  of 
copper,  with  evolution  of  sulphurous  acid  and  oxygen.  Sulphate  of 
oopper  combines  with  the  sulphates  of  potassa  and  of  ammonia,  forming 
pale-blue  salts,  which  contain  6  equivalents  of  water,  and  also  wi^ 
ammonia,  generating  a  remarkable  compound  of  deep-blue  colour, 
capable  of  crystallizing. 

Nitrate  o»  copper,  CuO,  NOj-I-SHO.— The  nitrate  is  easily 
made  by  dissolving  the  metal  in  nitric  add ;  it  forms  deep-blue  crystals, 
very  soluble  and  deliquescent.  It  is  highly  corrosive.  An  insoluble 
sulniltrate  is  known ;  it  is  green.  Nitrate  of  oopper  also  combines  with 
ammonia. 

Carbonates  of  copper. — ^When  carbonate  of  soda  is  added  in 
excess  to  a  solution  of  sulphate  of  copper,  the  precipitate  is  at  first  pale 
blue  and  flocculent,  but  by  warming  it  becomes  sandy,  and  assumes  a 
green  tint ;  in  this  state  it  contains  CuO,  CO,-fCuO,  HO-fHO.  This 
substance  is  prepared  as  a  pigment.  The  beautiful  mineral  malachite 
has  a  similar  composition,  but  contains  one  equivalent  of  water  less. 
Another  natural  compound,  not  yet  artificially  imitated,  occurs  in 
Ivge  transparent  crystals  of  the  most  intense  blue:  it  contains 
2(CuO,  COs)+CuO,  HO.  VerdUer,  made  by  decomposing  nitrate  of 
copper  by  (£alk,  is  said,  however,  to  have  a  somewhat  similar  com- 
position. 

CsLORZDE  of  copper,  CuCl-i-2H0. — The  chloride  is  most  easily 
prepared  by  dissolving  the  black  oxide  in  hydrochloric  acid,  and  con- 
centrating the  green  solution  thence  resulting.  It  forms  green  crystals, 
very  solable  in  water  and  in  alcohol :  it  colours  the  fiame  of  the  latter 
green.  When  gently  heated,  it  parts  with  its  water  of  crystallization 
ud  becomes  yellowish-brown ;  at  a  high  temperature  it  loses  half  its 
chlorine  and  becomes  converted  into  the  subchloride.  The  latter  is 
a  white  fusible  substance,  but  little  soluble  in  water,  and  prone  to 
<«idation:  it  is  formed  when  copper-filings  or  copper^leaf  are  put  into 
chlorine  gas.  A  basic  chloride  CuCl-i-3(CuO,  HO)  occurs  in  nature 
^ataoamiie. 
Absekite  of  copper;  Sgueele's  greek. — This  is  prepared  by 
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mixing  solutions  of  salphate  of  copper  and  arsenlte  of  potassa :  it  fiills 
as  a  bright-green  insoluble  powder. 


The  characters  of  the  protoealts  of  copper  are  well  marked. 

Caustic  potassa  gives  a  pale-blue  precipitate  of  hydrate,  becoming 
bladdsh-brown  anhjdrous  protoxide  on  boiling. 

Ammonia  also  throws  down  the  hydrate  ;  but,  when  in  excess,  re- 
dissolyes  it^  3rieldiDg  an  intense  purplish-blue  solution.* 

Carbonates  of  potassa  and  soda  give  pale-blue  precipitates,  insoluble 
in  excess. 

Carbonate  of  ammonia,  the  same,  but  soluble  with  deep-blue  colour. 

Ferrocjanide  of  potassium  gives  a  fine  red-brown  precipitate  of  ferro- 
cyanide  of  copper. 

Sulphuretted  hydrogen  and  sulphide  of  ammonium  afford  black  sul- 
phide of  copper. 


The  alloys  of  coj^per  are  of  great  importance.  Brass  consists  of 
copper  alloyed  with  from  28  to  34  per  cent,  of  zinc ;  the  latter  may 
be  added  directly  to  the  melted  copper,  or  granulated  copper  may  be 
heated  with  calamine  and  charcoal-powder,  as  in  the  old  process. 
Otm-metaly  a  most  trustworthy  and  valuable  idloy,  consists  of  90  parts 
copper  and  1 0  tin.     BeU  and  speouhmm  metal  contain  a  still  larger  pro- 

Sortion  of  tin ;  these  are  brittle,  especially  the  last  named.     A  good 
ronze  for  statues  is  made  of  91  parts  copper,  2  parts  tin,  6  parts  zinc, 
and  1  part  lead.    The  6ra8S  of  the  ancients  is  an  aUoy  of  cc^^per  with  tin. 

LEAD. 

This  abundant  and  useful  metal  is  altogether  obtained  from  the 
native  sulphide  or  galena,  no  other  lead^ore  being  found  in  quantity. 
The  reduction  is  dSected  in  a  reverberatory  furnace,  into  whidi  the 
crushed  lead-ore  is  introduced  and  roasted  for  some  time  at  a  dull  red- 
heat,  by  which  much  of  the  sulphide  becomes  changed  by  oxidation  to 
sulphate.  The  contents  of  the  ^maoe  are  then  thoroughly  mixed,  and 
the  temperature  raised,  when  the  sulphate  and  sulphide  react  upcm  each 
other,  producing  sulphurous  add  and  metallic  lead.t 

Lead  is  a  soft  bluish  metal,  possessing  very  little  elasticity;  its 
specific  gravity  is  11  *  45.  It  may  be  easily  rolled  out  into  plates,  or 
drawn  into  coarse  wire,  but  has  a  very  trifling  degree  of  strength. 

*  This  solation  has  the  remarkable  property  of  dissolving  ceQaloee  and  vege> 
table  fibre  generally. 

Oxide  of    CLead  Free. 

+  Salphate         lead       ( Oxyeen       ■ rp»    2  Solphuronsadd. 

of  lead    Solphnrlc  ( Sulphur       — ^^ ' 

acid      ( 3  Oxygen     ^ 

8olphld.rfI«d    .     {fST       ^  F«.. 

FbO,  803-»-Fli8=aFb+aS0,|. 
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Lead  melts  at  600^  (315°*  5C)  or  a  little  above,  and  at  a  white-heat 
boils  and  Yolatilizes.  By  slow  cooling  it  may  be  oblained  in  octahedral 
crystals.  In  moist  air  this  metal  becomes  coated  with  a  film  of  gray 
matter,  thought  to  be  suboxide,  and  when  exposed  to  the  atmosphere 
in  a  melted  state  it  rapidly  absorbs  oxygen.  Dilute  tuddSf  with  the  ex- 
ception of  nitric,  act  but  slowly  upon  lead.  Chemists  are  familiar 
with  four  oxides  of  lead,  only  one  of  which  possesses  basic  properties. 

The  eqniTalent  of  lead  is  103*5;  its  symbol  is  Pb. 

Pkotoxide:  litbabge,  mabsioot;  PbO. — ^This  is  the  product  of 
the  direct  oxidation  of  the  metal.  It  is  most  conyeniently  prepared  by 
heating  the  carbonate  to  dull  redness ;  common  litharge  is  impure  pro- 
toxide which  has  undergone  fusion.  Protoxide  of  lead  has  a  delicate 
straw-yellow  colour,  is  Y&ry  heavy,  and  slightly  soluble  in  water,  giving 
an  alkaline  liquid.  Protoxide  of  lead  is  soluble  in  potassa ;  from  this 
solation  it  crystallizes  in  rhombic  prisms.  At  a  red-heat  it  melts,  and 
tends  to  crystallize  on  cooling.  In  a  melted  state  it  attacks  and  dis- 
solves siliceous  matter  with  astonbhing  facility,  often  penetrating  an 
earthen  crucible  in  a  few  minutes.  It  is  easily  reduced  when  heated 
with  organic  substances  of  any  kind  containing  carbon  or  hydrogen. 
Protoxide  of  lead  forms  a  large  class  of  salts,  which  are  colourless  if 
the  add  itself  be  not  coloured. 

Red  Oxide;  red-lead;  Pb304,  or  2PbO-fPb02. — The  compo- 
sition of  this  substance  is  not  very  constant :  it  is  prepared  by  exposing 
for  a  long  time  to  the  air,  at  a  very  faint  red-heat,  protoxide  of  lead 
which  has  not  been  fused :  it  is  a  brilliant  red  and  extremely  heavy 
powder,  decomposed  with  evolution  of  oxygen  by  a  strong  heat,  and 
converted  into  a  mixture  of  protoxide  and  binoxide  by  acids.  It  is  used 
as  a  cheap  substitute  for  vermilion. 

BniOZiDE  OF  LEAD ;  PUCE  OR  BROWN  OXIDE ;  PbO^. — ^This  oom- 
ponnd  is  obtained  without  difficulty  by  digesting  red-lead  in  dilute 
nitric  add,  when  nitrate  of  protoxide  is  dissolved  out,  and  insoluble 
binoxide  left  behind  in  the  form  of  a  deep-brown  powder.  The  bin- 
oxide  is  decomposed  by  a  red-heat,  yielding  up  one-half  of  its  oxygen. 
Hydrochloric  add  converts  it  into  diloride  of  lead  with  disengagement 
c£  chlorine;  hot  oil  of  vitriol  forms  with  it  sulphate  of  lead,  and 
liberates  oxygen.  The  binoxide  is  veiy  useful  in  separating  sulphurous 
add  from  certain  gaseous  mixtures,  sulphate  of  lead  being  then  pro- 
duced. 

Suboxide  of  lead,  PbgO. — ^When  oxide  of  lead  is  heated  to  dull 
redness  in  a  retort,  a  gray  pulverulent  substance  is  left,  which  is  re- 
solved by  adds  into  protoxide  of  lead  and  metal.  It  absorbs  oxygen 
with  great  rapidity  when  heated,  and  even  when  simply  moistened 
with  water  and  exposed  to  the  air. 

Nitrate  of  lead,  PbO,  NO^. — ^The  nitrate  may  be  obtained  by 
dissolving  carbonate  of  lead  in  nitric  add,  or  by  acting  directly  upon 
the  metal  by  the  same  agent  with  the  aid  of  heat :  it  is,  as  already 
noticed,  a  by-product  in  the  preparation  of  the  binoxide.    It  crystal- 
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lizes  in  anhydrons  octahedra,  which  are  usuallj  milk-white  and 
opaqae :  it  dissolves  in  7}  parts  of  cold  water,  and  is  decompoeed  bj 
heat,  yielding  hjponitric  acid,  oxygen,  and  protoxide  of  lead,  which  ol>> 
stinately  retains  traces  of  nitrogen.  When  a  solution  of  this  salt  k 
boiled  with  an  additional  quantity  of  oxide  of  lead,  a  portion  of  the 
latter  is  dissolved,  and  a  basic  nitrate  generated,  which  may  be  had  in 
crystals.  Carbonic  acid  separates  this  excess  of  oxide  in  the  form  of  a 
white  compound  of  carbonate  and  hydrate  of  lead. 

Neutral  and  basic  compounds  of  oxide  of  lead  with  nitrons,  and  the 
elements  of  hyponitric  acid,  have  been  described.  These  last  are  pro- 
bably formed  by  the  combination  of  a  nitrite  with  a  nitrate. 

Carbonate  of  lead;  white-lead;  PbO,  CO,. — Carbonate  of 
lead  is  sometimes  found  beautifully  crystallized  in  long  white  needles, 
accompanying  other  metallic  ores.  It  may  be  prepared  artifieially  by 
predpitaiing  in  the  cold  a  solution  of  the  nitrate  or  acetate  liy  an 
alkaline  carbonate :  when  the  lead  solution  is  boiling,  the  predpiitaie 
is  a  basic  salt  containing  2  (PbO,  CO^^+PhO,  HO ;  it  is  also  maaa* 
factured  to  an  immense  extent  by  other  means  for  the  use  of  the 
painter.  Pure  carbonate  of  lead  is  a  soft,  white  powder,  of  great 
specific  gravity,  insoluble  in  water,  but  easily  dissolvcxi  by  dilate  nitric 
or  acetic  acid. 

Of  the  many  methods  put  in  practice,  or  proposed,  for  making  white- 
lead,  the  two  following  are  the  most  important  and  interesting : — One 
of  these  consists  in  forming  a  basic  nitrate  or  acetate  of  lead  by  boilii^ 
finely-powdered  lithai^  with  the  neutral  salt.  This  solution  is  then 
brought  into  contact  with  carbonic  acid  gas:  all  the  excess  of  oxide 
previously  taken  up  by  the  neutral  salt  is  at  once  precipitated  as 
white-lead.  The  solution  strained  or  pressed  from  the  latter  is  i^ain 
boiled  with  litharge,  and  treated  with  carbonic  add :  these  processes 
being  susceptible  of  indefinite  repetition,  when  the  little  loss  of  oeutral 
salt  left  in  the  precipitates  is  compensated.  The  second,  and  by  far 
the  more  ancient  method,  is  rather  more  complex,  and  at  first  sight  not 
very  intelligible.  A  great  number  of  earthen  jars  are  prepared,  into 
each  of  which  is  poured  a  few  ounces  of  crude  vinegar ;  a  rcdl  of 
sheeMead  is  then  introduced  in  such  a  manner  that  it  shall  neither 
toudi  the  vinegar  nor  project  above  the  top  of  the  jar.  The  vessels  are 
next  arranged  in  a  large  building,  side  by  side,  xxpoa  a  layer  of  stable 
manure,  or,  still  better,  spent-tan,  and  closely  covered  with  boards.  A 
second  layer  of  tan  is  spread  upon  the  top  of  the  latter,  and  then  a 
second  series  of  pots ;  these  are  in  turn  covered  with  boaids  and  deoono- 
posing  bark,  and  in  this  manner  a  pile  of  many  altemationa  is  con- 
structed. After  the  lapse  of  a  considerable  time  the  pile  is  taken  down 
and  the  sheets  of  lead  removed  and  carefully  unrolled ;  they  are  then 
found  to  be  in  great  part  converted  into  carbonate,  which  merely 
requires  washing  and  grinding  to  be  fit  for  use.  The  nature  of  this 
curious  process  is  generally  explained  by  supposing  the  vapour  of 
vinegar  raised  by  the  high   temperature  of  the  fermeQtii^  matter 
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merely  to  act  as  a  carrier  between  the  carbonic  add  evolved  from  the 
tan,  and  the  oxide  of  lead  formed  under  the  mfluence  of  the  add  va- 
pour ;  a  neutral  acetate,  a  basic  acetate,  and  a  carbonate  being  pro- 
duced in  succession,  the  action  gradually  travelling  from  the  surface 
inwards.  The  quantity  of  acetic  add  used  is,  in  relation  to  the  lead, 
qnite  trifling,  and  cannot  directly  contribute  to  the  production  of  the 
carbonate.  A  preference  is  still  given  to  the  product  of  this  old  mode 
of  mannfiytnre  on  account  of  its  superiority  of  opacity,  or  boch^,  over 
thai  obtained  by  predpitation.  Commercial  white-lead,  however  pre- 
pared, always  contains  a  certain  proportion  of  hydrate.  It  is  some- 
times adulterated  by  sulphate  of  baryta. 

.  When  clean  metallic  lead  is  put  into  pure  water  and  exposed  to  the 
atmosphore,  a  white  ciystalline,  scaly  powder  b^ins  to  show  itself  in  a 
few  hours,  and  very  rapidly  increases  in  quantity.  This  substance  may 
consist  of  hydrated  protoxide  of  lead,  formed  by  the  action  of  the 
oxygen  dissolved  in  ihe  water  upon  the  lead.  It  is  slightly  soluble, 
and  may  be  readily  detected  in  the  water.  In  most  cases,  however, 
the  formation  of  this  deposit  is  due  to  the  action  of  the  carbonic  acid 
dissolved  in  the  water:  it  consists  of  carbonate  in  combination  with 
hydrate,  and  is  very  insoluble  in  water.  When  common  river  or  spring 
water  is  substituted  for  the  pure  liquid,  this  effect  is  less  observable, 
the  little  sulphate,  almost  invariably  present,  causing  the  depodti<»  of 
a  vety  thin  but  closdy  adherent  film  of  sulphate  of  lead  upon  the 
snr^Ke  of  the  metal,  which  protects  it  from  farther  action.  It  is  on 
this  account  that  leaden  dsterns  are  used  with  impunity  at  least  in 
most  cases,  for  holding  water:  if  the  latter  were  quite  pure,  it  would 
be  speedily  contaminated  with  lead,  and  the  cistern  be  soon  destroyed. 
Natural  water  highly  charged  with  carbonic  add  cannot,  under  any 
drcomstanoes,  be  kept  in  lead  or  passed  through  leaden  pipes  with 
ttfety,  the  carbonate,  though  very  insoluble  in  pure  water,  being 
iHghtly  soluble  in  water  containing  carbonic  add. 

Ghix>ride  of  lead,  PbCl. — ^This  salt  is  prepared  by  mixing  strong 
solutions  of  acetate  of  lead  and  chloride  of  sodium ;  or  by  dissolving 
litharge  in  boiling  dilute  hydrochloric  add,  and  setting  aside  the  filtered 
solution  to  cool.  Chloride  of  lead  crptallizes  in  brilliant,  colonriess 
needles,  which  require  135  parts  of  cold  water  for  solution.  It  is 
anhydrous ;  it  melts  when  heated,  and  solidifies  on  cooling  to  a  horn- 
like substance. 

Iodide  of  lead,  Pbl. — ^The  iodide  of  lead  separates  as  a  brilliant 
ydlow  predpitate  when  a  soluble  salt  of  lead  is  mixed  with  iodide  of 
potassium.  This  compound  dissolves  in  boiling  water,  yielding  a 
ooiowless  solution,  which  deposits  the  iodide  on  cooling  in  splendid 
golden-yellow  scales. 

The  soluble  salts  of  lead  thus  behave  witii  reagents : — 
Caustic  potassa  and  soda  precipitate  a  white  hydrate  freely  soluble 
in  excess. 
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Ammonia  gives  a  similar  white  precipitate,  not  soluble  in 

The  carbonate  of  potassa,  soda,  and  ammonia  precipitate  carbonate 
of  lead,  insoluble  in  excess. 

Salpharic  acid  or  a  sulphate  causes  a  white  precipitate  of  sulphate 
of  lead,  insoluble  in  nitric  acid. 

Sulphuretted  hydrogen  and  sulphide  of  ammonium  throw  down  black 
sulphide  oC  lead. 

Lead  is  readily  detected  before  the  blowpipe  by  ftising  the  compound 
under  examination  on  charcoal  with  carbonate  of  soda ;  when  a  b«ad  of 
metal  is  easily  obtained  which  is  recognized  by  its  diemical  as  well  as 
its  physical  properties.  

An  alloy  of  2  parts  of  lead  and  1  of  tin  constitutes  pbsmben*  xiSer  ; 
these  proportions  reversed  give  a  more  fntdble  compound  called  fine 
solder.  The  lead  employed  in  the  manufacture  of  shot  is  oombined 
with  a  little  arsenic 

THALLIUM. 

This  element  was  discovered  by  Mr.  Crookes,  in  1861,  in  the 
selenifejx>us  deposit  of  a  lead  chamb^  of  a  sulphuric  acid  factory  in  the 
Hartz  mountains,  where  iron-pyrites  is  used  for  the  manufacture  of 
sulphuric  add.  The  name  is  derived  from  0aAAbs,  '  gi^een,'  because 
it^  existence  was  first  recognized  by  an  intense  green  line,  appearing  in 
the  spectrum  of  a  flame  in  which  thallium  is  volatilized.  In  Vsr^fx 
quantities,  and  in  solid  bars,  thallium  was  first  obtained  in  1862  by 
M.  Lamy,  who  prepared  it  from  the  deposit  in  the  lead  chamber  ii 
M.  Kuhlmann,  of  LUle,  who  employs  Belgian  j^rites  for  the  manu&o- 
ture  of  sulphuric  acid. 

Thallium  is  a  heavy  metal,  resembling  lead  in  its  physical  properties. 
When  fireshly  cut  it  exhibits  a  brilliant  metalUc  lustre  and  greyish 
colour,  somewhat  between  those  of  silver  and  lead,  assuming  a  s%ht 
yellowish  tint  1^  friction  with  harder  bodies.  The  new  metal  is  very 
soft,  being  readily  cut  with  a  knife,  or  drawn  into  wire. 

The  fusing  point  lies  below  a  red-heat.  In  contact  with  the  air,  thal- 
lium tarnishes  moi-e  rapidly  than  lead,  becoming  coated  with  a  thin 
layer  of  oxide,  which  preserves  the  rest  of  the  metal.  The  sp.  gr.  of 
thallium  is  11-9,  its  equivalent  204. 

Thallium  is  soluble  in  hydrochloric,  sulphuric,  and  nitric  add,  the 
latter  attacking  it  with  the  greatest  energy,  red  vapours  being  copiously 
evolved.  Thallium  forms  two  oxides,  one,  oxide  of  thallium  possessing 
basic  properties,  and  another  one  containing  more  oxygen  and  pos- 
sessing acid  propeities,  thallic  acid. 

Oxide  of  thallium  is  a  strong  base  forming  well-defined  salts 
with  acids,  many  of  which  are  crystaJlizable. 

Thallio  acid  is  soluble  in  water,  and  may  be  obtained  in  crystals 
f3t>m  its  aqueous  solution.     It  forms  soluble  salts  with  the  alkalis. 

*  Ammonia  gives  no  immediate  precipitate  with  the  acetate. 
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Sulphide  of  thalliuii  is  formed  by  precipitating  the  solution  of 
a  thallinm  salt  with  sulphide  of  ammonium :  on  gently  beating  the 
liqaid  the  sulphide  of  thallium  is  gradually  thrown  down  as  a  deep- 
brown  heayy  precipitate,  insoluble  in  excess  of  sulphide  of  ammonium, 
ammonia  or  cyanide  of  potassium,  difficultly  soluble  in  hydrochloric  or 
salphuric  acids,  but  readily  soluble  in  nitric  acid.  When  dry,  sul- 
phide of  thallium  is  a  deep-brown  powder ;  strongly  heated  it  fuses 
and  ultimately  volatilizes. 
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SECTION  V. 

OXIDABLB  METALS  PBOPEB,   WHOSE  OXIDES  FOBM  WBAK 

BASES,   OB  ACIDS. 


TIN. 

This  valuable  metal  occurs  in  the  state  of  oxide,  and  more  rarely  as 
sulphide:  the  principal  tin  mines  are  those  of  the  Erzgebirge  in  Saxon j 
and  Bohemia,  Malacca,  and  more  especially  CornwaJQ.  In  Cornwall 
the  tin-stone  is  found  as  a  constituent  of  metal-bearing  veins,  aasodated 
with  copper  ore,  in  granite  and  slate-rocks ;  and  as  an  alluvial  deposit, 
mixed  with  rounded  pebbles,  in  the  beds  of  several  small  rivers.  The 
first  variety  is  called  mine-  and  the  second  stream-tin.  Oxide  of  tin  is 
also  found  disseminated  through  the  rock  itself  in  small  crystals. 

To  prepare  the  ore  for  reduction,  it  is  stamped  to  powder,  washed, 
to  separate  as  much  as  posnble  of  th^  earthy  matter,  and  roasted  to 
expel  sulphur  and  arsenic :  it  is  then  strongly  heated  with  coal,  and 
the  metd  thus  obtained  cast  into  large  blo(^  which,  after  being 
assayed,  receive  the  stamp  of  the  Duchy.  Two  varieties  of  commercial 
tin  are  known,  called  grain-  and  boT'tm;  the  first  is  the  best ;  it  is 
prepared  from  the  stream  ore. 

Pure  tin  has  a  white  colour,  approaching  to  that  of  silver :  it  is  soft 
and  malleable,  and  when  bent  or  twisted  emits  a  peculiar  crackling 
sound :  it  has  a  density  of  7-3  and  melts  at  442°  (227°-77C).  Tin  is 
but  little  acted  upon  by  air  and  water,  even  conjointly ;  when  heated 
above  its  melting-point  it  oxidizes,  rapidly  becoming  conveited  into  a 
whitish  powder,  used  in  the  arts  for  polishing  under  the  name  of 
puity-povoder.  The  metal  is  attacked  and  dissdved  by  hydrochloric 
acid,  with  evolution  of  hydrogen  :  nitric  acid  acts  with  great  energy, 
converting  it  into  a  white  hydrate  of  the  binoxide.  There  are  two  well- 
marked  oxides  of  tin,  which  act  as  feeble  bases  or  acids,  according  to 
circumstances,  and  a  third,  Which  has  been  less  studied. 

The  equivalent  of  tin  is  59  ;  its  symbol  is  Sn. 

Protoxide  of  tin,  SnO. — ^When  solution  of  protochloride  of  tin  is 
mixed  with  carbonate  of  potaasa,  a  white  hydrate  of  the  protoxide  fidls, 
the  carbonic  acid  being  at  the  same  time  expelled.  When  this  is  care- 
fully washed,  dried,  and  heated  in  an  atmosphere  of  carbonic  add,  it 
loses  water,  and  changes  to  a  dense  black  powder,  which  is  permanent 
in  the  air,  but  takes  fire  on  the  approach  of  a  red-hot  body,  and  bums 
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Hie  tinder,  prodocing  binoxide.  It  may  be  obtained  in  a  state  of 
great  division,  bj  heating  oxalate  of  tin  in  contact  with  the  air.  The 
hjdrate  is  freely  soluble  in  caustic  potaasa ;  the  solution  decomposes  by 
keeping  into  metallic  tin  and  binoxide. 

Sbsqcioxii>e  or  tin,  Sn,0,. — The  sesqnioxide  is  produced  by  the 
action  of  hydrated  sesquioxide  of  iron  upon  protochloride  of  tin :  it  is  a 
grayish,  slimy  substance,  soluble  in  hydrochloric  acid,  and  in  ammonia. 
This  oxide  has  been  but  little  examined. 

Binoxide  of  tin,  SnO,. — This  substance  is  obtained  in  two  dif- 
ferent states,  having  properties  altogether  disamilar.  When  bichloride 
of  tin  is  precipitated  by  an  alkali,  a  white  bulky  hydrate  appears, 
which  is  freely  soluble  in  acids.  If,  on  the  other  hand,  the  bichloride 
H  boiled  with  excess  of  nitric  acid ;  or  if  that  acid  be  made  to  act 
Erectly  on  metallic  tin,  a  white  substance  is  produced,  which  refuses 
altogetiier  to  dissolve  in  adds,  and  possesses  properties  differing  in 
other  respects  from  those  of  the  first  modification.  Both  these  va- 
rieties of  binoxide  of  tin  have  the  same  composition,  and  when  ignited, 
leave  the  pure  binoxide  of  a  pale  lemon-yellow  tint.  Both  dissolve  in 
caustic  alkali,  and  are  precipitated  with  unchanged  properties  by  an 
acid.    The  two  hydrates  redden  litmus-paper.* 

Protochloride  of  tin,  SnCi. — The  protochloride  is  easily  made 
by  dissolving  metallic  tin  in  hot  hydrochloric  add.  It  ci'ystallizes  in 
needles  containing  2  equivalents  of  water,  which  are  freely  soluble  in 
a  small  quantity  of  water,  but  are  apt  to  be  decomposed  in  part  when 
put  into  a  large  mass,  unless  hydrochloric  acid  in  excess  be  present. 
The  anhydrous  chloride  may  be  obtained  by  distilling  a  mixture  of 
calomel  and  powdered  tin,  prepared  by  agitating  the  melted  metal  in 
a  wooden  box  until  it  solidifies.  The  chloride  is  a  gray,  resinous- 
looking  substance,  fusible  below  redness,  and  volatile  at  a  high  tem- 
perature. Solution  of  protochloride  of  tin  is  employed  as  a  deoxidizing 
^nt :  it  reduces  the  salts  of  mercury  and  other  metals  of  the  same 
daas. 

Bichloride,  or  percrloride  of  tin,  SnCl,. — ^This  is  an  old  and 
▼try  carious  compound,  foimerly  called  fuming  liquor  of  Libaciits.  It 
ia  aaade  by  exposing  metallic  tin  to  the  action  of  chlorine,  or,  mora 
convenienUy,  by  distilling  a  mixture  of  1  part  of  powdered  tin,  and 
5  parts  of  eorrosive  sublimate.  The  bichloride  is  a  thin,  colourlesfi, 
mobile  liquid:  it  boils  at  248°  (120^0),  and  yields  a  oolourlecm 
invisible  vapour.  It  fumes  in  the  air,  and  when  mixed  with  a  third 
pvt  of  water,  solidifies  to  a  crystalline  mass.  The  solution  of  bi- 
chloride is  much  employed  by  the  dyer  as  a  mordant ;  it  is  commonly 
prepared  by  dissolving  metallic  tin  in  a  mixture  of  hydrochloric  and 
nitric  adds,  care  being  taken  to  avoid  too  great  elevation  of  tempera- 
tnre. 

*  Fremy  has  called  the  first  of  these  oxides  stannic  acid.  Sn02.  The  second 
ne  bs8  uamcd  meiBStaonlc  add.  SogOio.  See  also  H.  Rose,  Pogg.  Ann.  Ixxv.  1, 
wiK>  thinks  that  there  are  other  modiflcations  of  this  oxide  of  tin. 
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Sulphides  of  tin. — Protosulphidet  SaS,  is  prepared  by  fosing  tm 
with  excess  of  sulphur,  and  strongly  heating  the  product.  It  is  a 
lead-grar,  brittle  substance,  fusible  at  a  red-heat,  and  soluble  with 
evolution  of  sulphuretted  hydrogen  in  hot  hydrochloric  acid.  A  seatpii' 
9uiphide  may  be  formed  by  gently  heating  the  above  compound  with  a 
third  of  its  weight  of  sulphur:  it  is  yellowish-gray,  and  easily  de- 
composed by  heat.  BisvUphide,  SnS^  or  Mosaic  goid,  u  prepared  by 
exposing  to  a  low  red-heat,  in  a  glass  flask,  a  mixture  of  12  parts  of 
tin,  6  of  mercury.  6  of  ad-ammoniac,  and  7  of  flowers  of  sulphur. 
Sal-ammoniac,  cinnabar,  and  protochloride  of  tin  sublime,  while  the 
bisulphide  remains  at  the  bottom  of  the  vessel  in  the  form  of  brilliant 
gold-coloured  scales ;  it  is  used  as  a  substitute  foi  gold-powder. 

Salts  of  tin  are  thus  distinguished : — 

Protoxide, 


Caustic  alkalis ;  white  hydrate,  soluble  in  excess. 

"V     •  I     excess, 

monia 


ISSSTofl^S    ;}BUckp«cipiUteofpn,t»«lphide. 


Binoxide. 

Caustic  alkalis ;  white  hydrate,  soluble  In  excess. 
Ammonia ;  white  hydrate,  slightly  soluble  in  excess. 
Alkaline  carbonates ;  white  hydrates,  slightly  soluble  In  escoess. 
Carbonate  of  ammonia ;  white  hydrate,  insoluble. 
Sulphuretted  hydrogen ;  yellow  precipitate  of  sulphide. 
Sulphide  of  ammonium ;  the  same,  soluble  in  excess. 

Teix:hloride  of  gold,  added  to  a  dilute  solution  of  protochloride  of 
tin,  gives  rise  to  a  brownish-purple  precipitate,  called  purple  of  Oxssais, 
very  characteristic,  the  nature  of  which  is  not  thoroughly  understood ; 
it  is  supposed  to  be  a  combination  of  oxide  of  gold  and  sesqoioxide  of 
tin,  in  which  the  latter  acts  as  an  acid.  Heat  resolves  it  into  a  mix- 
ture of  metallic  gold  and  binoxide  of  tin.  Purple  of  Cassius  is  em- 
ployed in  enamel- painting,  and  in  staining  glass. 


The  useful  applications  of  tin  are  very  numerous.  Tinned'pUUe 
consists  of  iron  superficially  alloyed  with  this  metal ;  pewter^  of  the 
best  kind,  is  chiefly  tin,  hardened  by  the  admixture  of  a  little  anti- 
mony, &G.  Cooking-vessels  of  copper  are  usually  tinned  in  the  in- 
terior. 
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TUirOSTEN  (WOLFRAinUM). 

Tirngsten  is  fousd,  as  tuDgstate  of  protoxide  of  iron,  in  the  mineral 
Kolfram,  tolerably  abundant  in  Cornwall ;  a  native  tungstate  of  lime 
is  also  occasionally  met  with.  Metallic  tungsten  is  obtained  in  the 
state  of  a  dark-gray  powder,  by  strongly  heating  tungstic  acid  in  a 
stream  of  hydrogen,  but  requires  for  fusion  an  exceedingly  high  tem- 
perature. It  is  a  white  metal,  very  hard  and  brittle :  it  has  a  density 
of  17*4.  Heated  to  redness  in  the  air,  it  takes  fire,  and  reproduces 
tungrtic  acid. 

"nie  equivalent  of  tungsten  is  92 ;  its  symbol  is  W  (wolfiumium).  " 

BnroxiDE  of  tungsten,  WO,.— This  is  most  easily  pi^epared  by 
exposing  tungstic  acid  to  hydrogen,  at  n  temperature  which  does  not 
exceed  duD  redness.  It  is  a  brown  powder,  sometimes  assuming  a 
crystalline  appearance  and  an  imperfeci  metallic  lustre.  It  takes  fire 
when  heated  in  the  air,  and  bums,  like  the  metal  itself,  to  tungstic 
&cid.    The  binoxide  forms  no  salts  with  adds. 

TONGSnc  ACID,  WO,. — When  tungstate  of  lime  can  be  obtained, 
simple  digestion  in  hot  nitric  acid  is  safficient  to  remove  the  base,  and 
liboate  the  tungstic  acid  in  a  state  of  tolerable  purity :  its  extraction 
from  wolfram,  which  contains  tungstic  acid  or  oxide  of  tungsten  in 
association  with  the  oxides  of  iron  and.  manganese,  is  more  difficult. 
Tangstic  add  is  a  yellow  powder,  insoluble  in  water,  and  freely  dis- 
solved by  caustic  alkalis.  When  strongly  ignited  in  the  open  air,  it 
sesames  a  greenish  tint.  Tungstate  of  soda  has  lately  been  reoom- 
niended  by  Messrs.  Versmann  and  Oppoiheim  as  an  addition  to  ibe 
starch  used  in  stiffening  ladies'  dresses,  in  order  to  render  the  fabrics 
uninflammable. 

Intermediate  or  blue  oxide  op  tungsten,  W-05,  =  W0„ WO,. 
^-This  substance  is  obtained  by  heating  tungstate  of  ammonia,  or  by 
exposing  the  brown  binoxide  to  the  action  of  hydrogeu  at  a  very  low 
temperature.  The  same  compound  appears  to  be  produced  if  tungstic 
^.^^.  ^  Kparated  from  one  of  its  salts,  by  hydrochloric  add,  and  the 
liquid  be  digested  with  metallic  zinc,  when  the  solution  or  the  predpi- 
tate  assumes  a  beautiful  blue  colour,  which  is  very  characteristic  of  this 
metal 

Two  dilorides  and  two  sulphides  of  tungsten  are  known  to  exist. 

UOLYBDBNUU. 

Metallic  molybdenum  is  obtained  by  exposing  molybdic  add  in  a 
^^^^^nsoal-hned  crucible  to  the  most  intense  heat  that  can  be  obtained. 
It  is  a  white,  brittle,  and  exceedingly  infusible  metal,  having  a  density 
of  8*6,  and  oxidizing,  when  heated  in  the  air,  to  molybdic  add. 

The  equivalent  of  molybdenum  is  48 ;  its  symbol  is  Mo. 

Protoxide  of  molybdenum,  MoO.— Molybdate  of  potassa  is 
^>xed  with  excess  of  hydrochloric  acid,  by  which  the  molybdic  acid 
first  predpitated  is  redissolved:  into  this  acid  solution  zinc  is  put:  a 
'^^^ure  of  chloride  of  zinc  and  protochloiide  of  molybdenum  results. 
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A  lai^  quantity  of  caustic  potassa  is  then  added,  which  precipitateB  a 
black  hydrate  of  the  protoxide  of  molybdenum,  and  retains  in  solutioft 
the  oxide  of  zinc.  The  freshly-precipitated  protoxide  is  solable  in 
acids  and  carbonate  of  ammonia ;  when  heated  in  the  air,  it  bams  to 
binoxide. 

BiNOXiDE  OP  MOLTBDENITM,  MoO,. — This  IS  obtained  in  the  anhy- 
drous condition  by  heating  molybdate  of  soda  with  sal-ammoniac,  the 
molybdic  add  being  reduced  to  binoiide  by  the  hydi'ogen  of  the  ammo- 
niaod  salt ;  or,  in  a  hydrated  conditiou,  by  digesting  metallic  copper  in 
a  solution  of  molybdic  acid  in  hydrochloric  acid,  until  the  liquid  assumes 
a  red  colour,  and  then  adding  a  large  excess  of  ammonia.  The  anhy- 
drous binoxide  is  deep  brown,  and  insoluble  in  acids;  the  hydrate 
resembles  hydrate  of  sesquioxide  of  iron,  and  dissolves  in  acids,  yidding 
red  solutions.     It  is  converted  into  molybdic  acid  by  strong  nitric  add. 

Molybdic  acid,  MoO,. — The  native  bisulphide  of  molybdemim  is 
roasted,  at  a  red-heat,  in  an  open  vessel,  and  the  impure  molybdic  add 
thence  resulting  dissolved  in  ammonia.  The  filtered  solution  is  evapo- 
rated to  dryness,  the  salt  taken  up  by  water,  and  purified  by  crystal- 
lization. It  is,  lastly,  decomposed  by  heat,  and  the  ammonia  expelled. 
Molybdic  acid  is  a  white  crystalline  powder,  fusible  at  a  red-heat,  and 
slightly  soluble  in  water.  It  is  dissolved  with  ease  by  the  alkalis.  It 
forms  two  series  of  salts,  nanfely,  neutral  molybdates,  MO,MoOg,  and 
add  molybdates,  MO,2MoO,.  A  solution  of  molybdate  of  ammonia  in 
an  excess  of  nitric  acid  forms  a  valuable  reagent  for  phosphoric  add, 
with  which  it  gives  a  beautiful  yellow  precipitate,  phospho-molybdate 
of  ammonia.  Three  chlorides,  and  as  many  sulphides  of  molybdoiam, 
are  described. 

VANADIUM. 

Vanadium  is  found,  in  small  quantity,  in  some  iron  ores,  and 
also  as  vanadate  of  lead.  It  has  also  been  discovered  in  the  iron  slag 
of  Staffordshire.  The  most  successful  process  for  obtaining  the  metal 
is  said  to  be  the  following: — The  liquid  chloride  of  vanadium  is  in- 
troduced into  a  bulb  blown  in  a  glass  tube,  and  dry  ammoniacal  gas 
passed  over  it;  the  latter  is  absorbed,  and  a  white  saline  mass  pro- 
duced. When  this  is  heated  by  the  fiame  of  a  spirit-lamp,  chloride  of 
ammonium  is  volatilized,  and  metallic  vanadium  left  behind.  It  is  a 
white  brittle  substance,  of  perfect  metallic  lustre,  and  a  very  high 
d^ree  of  infu&ibility :  it  is  neither  oxidized  by  air  or  water,  nor 
attacked  by  sulphuric,  hydi-ochloric,  nor  even  hydrofluoric  add :  aqua 
r^a  dissolves  it,  yielding  a  deep-blue  solution. 

The  equivalent  of  vanadium  is  68*  6 ;  its  symbol  is  Y. 

Protoxide  of  vanadium,  VO.— This  is  prepared  by  heating 
vanadic  add  in  contact  with  charcoal  or  hydrogen:  it  hais  a  bhck 
colour  and  imperfect  metallic  lusti'e,  oondticts  electridty,  and  is  very 
infusible.  Heated  in  the  air,  it  bums  to  binoxide.  Hitric  add  pro- 
duces the  same  efiset,  a  blue  nitrate  of  the  binoxide  being  gencnited. 
It  does  not  fonn  salts. 


TANTALUM  (oaLUlTBlUM).  365 

BZNOXIDE  OF  VANADiuif,  VO,.— The  biDozide  is  obtained  by 
heating  a  mixture  of  10  parts  protoxide  of  vaimdium,  and  12  of  vanadlc 
aod  io  a  vessel  filled  with  carbonic  add  gas :  or  by  adding  a  slight 
excacss  of  carbonate  of  soda  to  a  salt  of  the  binoxide :  in  the  latter  caae 
it  fella  as  a  grayish-white  hydrate,  readily  becoming  brown  by  absorp- 
tion of  oxygen.  The  anhydrous  oxide  is  a  black  insoluble  powder,  con- 
Tertible  by  heat  and  air  into  vanadic  add.  It  forms  a  series  of  blue 
salts,  which  have  a  tendency  to  become  green,  and  ultimately  red,  by 
the  production  of  vanadic  acid.  Binoiide  of  vanadium  also  unites  with 
alkalis. 

Vanadic  acid,  VO,. — ^The  native  vanadate  of  lead  is  dissolved  in 
nitric  add,  and  the  lead  and  arsenic  precipitated  by  sulphuretted  hydro- 
gexkf  which  at  the  same  time  reduces  the  vanadic  add  to  binoxide  of 
Tanadium.  The  blue  filtered  solution  is  then  evaporated  to  diyneJBs, 
and  the  residue  digested  in  ammonixi,  which  dissolves  out  the  vanadic 
acid  reproduced  during  evaporation.  In  this  solution  a  lump  of 
sal-ammoniac  is  put:  as  that  salt  dissolves,  vanadate  of  ammonia 
snbddes  as  a  white  powder,  being  scarcely  soluble  in  a  saturated  solu- 
tion of  chloride  of  ammonium.  By  exposure  to  a  temperature  bdow 
redness  in  an  open  crucible,  the  ammonia  is  expelled,  and  vanadic  add 
left.  It  has  a  dark-red  colour,  and  meltg  even  bdow  a  red-heat ;  water 
dissolves  it  sparingly,  and  adds  with  greater  ease :  the  solutions  easily 
snfier  deozidation.  It  unites  with  bases,  forming  a  series  of  red  or 
jellow  salts,  of  which  those  of  the  alkalis  are  soluble  in  water. 

Chlorides  of  vanadium. — The  hkMoride  is  prepared  by  digest- 
ing vanadic  acid  in  hydrochloric  add,  passing  a  stream  of  sulphuretted 
hydrogen,  and  evaporating  the  whole  to  dryness.  A  brown  residue  is 
left,  which  yields  a  blue  solution  with  water  and  an  insoluble  oxi- 
chloride.  The  terchloride  is  a  yellow  liquid  obtained  by  passing 
chlorine  over  a  mixture  of  protoxide  of  vanadium  and  chai'coal.  It  is 
converted  by  water  into  hydrochloric  and  vanadic  adds. 

Two  sulphides,  corresponding  to  the  chlorides,  exist. 

TANTALUM   (COLUMBIUM). 

lliis  is  an  exceedingly  rare  substance :  it  is  found  in  the  minerals 
icmiaUte  and  yttrC't(x^alite,  occurring  in  Sweden  and  Finland,  and 
may  be  obtained  pure  by  heating  with  potassiom  the  double  fiuoride 
of  tantalum  and  potassium.  It  is  a  gray  metal,  but  little  acted  mi 
by  the  ordinary  acids,  and  burning  to  tantalic  add  when  hueated  in  the 
air,  or  when  fused  with  hydrate  of  potassa. 

The  equivalent  of  tantrum  is  G8*  8  ;  its  symbol  is  Ta. 

Oxide  of  tantalum. — When  tantalic  add  is  heated  to  whiteness 
in  a  crudble  lined  with  charcoal,  the  greater  part  is  converted  into  this 
substance.  It  is  a  dark-brown  powder,  insoluble  in  adds,  and  easily 
changed  by  oxidation  to  tantalic  acid. 

Tantalic  acid,  TaO,. — The  powdered  mineral  is  fused  with  three  or 
four  times  its  wd^t  of  carboniU^  of  potasn,  and  the  product  digested 
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with  water;  from  this  solntion  acids  predpiiate  a  white  hydrate  cf 
the  body  in  questioD.  It  is  soluble  in  acids,  but  fonns  with  them  i» 
definite  compounds ;  with  alkalis  it  yields,  on  the  contrary,  crystallix- 
able  salts.     The  specific  gravity  of  the  acid  varies  from  7*03  to  8'26. 

Chloride  of  Tantalum, — Tantalic  acid  in  a  glass  tube  is  mixed  witli 
sugar,  and  burnt,  then  heated  to  redness  in  a  current  of  dry  carbonic 
acid  gas ;  when  cold,  chlorine  is  passed  over  it  and  heated.  Chloiide 
of  tantalum  sublimes  of  a  yellow  colour  when  pure. 

NIOBIUM. 

The  oxide  of  this  metal  was  originally  found  in  the  tantalite  of  Boden- 
mais,  in  Bavaria,  and  more  recently  also  in  tantalite  from  other 
sources.  According  to  H.  Rose,  who  has  been  chiefly  engaged  in  the 
examination  of  the  niobium  compounds,  the  metal  niobium  is  obtained 
by  reducing  the  double  fluoride  of  niobium  and  potassium  with  sodium. 
It  is  a  bla^  powder,  insoluble  in  nitric  add,  difficultly  soluble  in  sul- 
phuric and  hydrochloric  acid,  easily  soluble  in  a  mixture  of  nitric  add 
with  hydrofluoric  add.  With  oxygen  niobium  forms  two  oxides  of 
acid  character,  niobous  acid,  NbO,  and  niobic  add,  NbO,.  Rose  pre- 
pared and  examined  also  the  chlorine,  bromine,  fluorine,  and  sulj^nr 
compounds,  cori'esponding  to  the  two  adds.  The  equiv.  of  nioUom  is 
48-8. 

At  one  time  the  tantalite  of  Bodenmais  was  believed  to  contain,  in 
addition  to  niobium,  another  element,  to  which  the  name  pelopium  has 
been  given.  More  accurate  experiments  have  proved  the  assumption 
of  the  existence  of  this  second  metal  to  be  erroneous. 

TITANIUM. 

Crystallized  titanic  acid  is  found  in  nature  in  the  form  of  rutUe^ 
brookvte,  and  anatase.  Occasionally  in  the  slag  adherent  to  the  bottom 
of  blast-furnaces  in  which  iron  ore  is  reduced,  small  brilliant  copper- 
ooloured  cubes,  hard  enough  to  scratch  glass,  and  in  the  highest 
degree  infusible,  are  found.  This  substance,  of  which  a  single  smelt- 
ing furnace  in  the  Harts  produced  as  much  as  80  pounds,  was  fonneriy 
believed  to  be  metallic  titanium.  Recent  researches  of  Wohler,  how- 
ever, have  shown  it  to  be  a  combination  of  cyanide  of  titanium,  with 
nitride  of  titanium.  When  tbese  crystals  are  powdered,  mixed  witli 
hydrate  of  potassa  and  fused,  ammonia  is  evolved,  and  titanate  of 
potassa  is  formed.  Metallic  titanium  in  a  finely-divided  state  may 
be  obtained  by  heating  fluoride  of  titanium  and  potassium  with  potas- 
sium. This  element  is  remarkable  for  its  affinity  for  nitrogen :  when 
heated  in  the  air,  it  simultaneously  absorbs  oxygen  and  nitarc^pen.  There 
are  two  compounds  of  this  substance  with  oxygen ;  viz.,  an  oxide  and 
an  add :  very  iitUe  is  known  respecting  the  former. 

The  equivalent  of  titanium  is  25  ;  its  symbol  is  Ti. 

TiTANio  ACID,  TiO,.— Rutile,  or  titaniferous  iron  ore,  is  reduced 
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to  fine  powder,  and  fused  with  twice  its  weight  of  carbonate  of  potassa» 
powdered,  dissolved  in  dilute  hydrofluoric  acid,  when  titano-fluoride 
of  potassium  soon  begins  to  separate.  From  its  hot  aqueous 
solution  snow-like  titanate  of  ammonia  is  precipitated  by  ammonia, 
which  is  easily  soluble  in  hydrochloric  add,  and  when  ignited  gives 
pure  titanic  acid.  When  pure  the  acid  is  quite  white :  it  is,  when  re- 
cently precipitated  from  solutions,  soluble  in  acids,  but  the  solutions 
are  decomposed  by  mere  boiling.  After  ignition  it  is  no  longer  soluble, 
*  psasiug  over  into  metatitanic  acid.  Titanic  acid,  on  the  whole,  very 
much  resembles  silica,  and  is  probably  often  overlooked  and  confound^ 
with  that  substance  in  analjrfical  researches. 

BiCBLORiDE  OF  TITANIUM ,1X1,. — This  is  a  colourless,  volatile  liquid, 
reeembling  bichloride  of  tin :  it  is  obtained  by  passing  chlorine  over  a 
mixture  of  titanic  acid  and  charcoal  at  a  high  temperature.  It  unites 
very  violently  with  water.  On  passing  the  vapour  with  hydrogen 
through  a  red-hot  tube,  hydi'ochloric  acid  and  a  new  compound 
Ti^Cl,  are  formed. 

ANTIMONY. 

This  important  metal  is  found  chiefly  in  the  state  of  sulphide.  The 
ore  is  freed  by  fusion  from  earthy  impurities,  and  is  afterwards  decom* 
posed  by  heating  with  metallic  iron  or  carbonate  of  potassa,  which 
retains  the  salimnr.  Antimony  has  a  bluish-white  colour  and  strong 
lustre:  it  is  extremely  brittle,  being  reduced  to  powder  with  the 
Qtmost  ease.  Its  specific  gravity  is  6*8  ;  it  melts  at  a  temperature 
just  short  of  redness,  and  boils  and  volatilizes  at  a  white  heat.  This 
metal  has  always  a  distinctly  crystalline,  platy  structure,  but  by  par- 
ticular management  it  may  be  obtained  in  crystals,  which  are  rhom- 
bohedral.*  Antimony  is  not  oxidized  by  the  air  at  conomon  tempera- 
tures ;  strongly  heated,  it  bums  with  a  white  flame,  producing  teroxide, 
which  is  often  deposited  in  beautiful  crystals.  It  is  dissolved  by  hot 
hydrochloric  add  with  evolution  of  hy<b-ogen  and  production  of  ter- 
chloride.  Nitric  add  oxidizes  it  to  antimonic  acid,  which  is  insoluble 
in  that  menstruum.  Thera  are  three  compounds  of  antimony  and 
oxygen ;  the  first  has  doubtful  basic  properties,  the  second  is  indifferent, 
and  the  third  is  an  add. 

The  equivalent  of  antimony  is  1 20  *  3.     Its  symbol  is  Sb  (stibium). 

Teboxids  of  antimony,  SbO,.— >This  compound  may  be  prepared 
W  several  methods :  as  by  burning  metallic  antimony  at  the  bottom 
of  a  large  red-hot  crudble,  in  which  case  it  is  obtained  in  brilliant 
crystals ;  or  by  pouring  solution  of  terchloride  of  antimony  into  water, 
Bod  digesting  the  resulting  precipitate  with  a  solution  of  carbonate  of 

*  On  electrolysing  a  solution  of  terchloride  of  antimony  (I  part  of  tartar 
onetlc  in  4  parts  of  ordinary  chloride  of  antimony)  by  a  small  battery  of  two 
Clements,  metallic  antimony  Lfurmlng  the  positive,  and  metallic  cupper  the 
negative  pole,  ctosts  of  antimony  are  obtained,  which  pooeess  the  remaricablo 
property  of  exploding  and  catching  fire  when  scntcned  or  broken.  (Qore, 
'ftooeedings  of  Royal  Society/  vol  ix.) 
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ioda.  The  terozide  thus  produced  is  anhydrous :  it  is  a  pale  buff- 
ooloured  powder,  fusible  at  a  i^ed-heat,  aod  volatile  in  a  dow  tcscL, 
but  in  contact  with  air,  it,  at  a  high  temperature,  absorbs  oxygen,  «bc 
becomes  changed  to  the  intermediate  oxide.  There  exist  a  sulphate, 
nitrate,  and  oxidate  of  teroxide  of  antimony.  When  boiled  with  cieca; 
of  tartar  (bitartrate  of  potassa),  it  ^is  dissolved,  and  the  solutiun  yield» 
on  evaporation  crystals  of  tarko^^metic,  which  is  almost  the  only  com- 
pound  of  teroxide  of  antimony  with  an  acid  which  bears  adiiiixtaxe 
with  water  without  decomposition.  An  impure  oxide  for  this  purpose 
is  sometimes  prepared  by  carefully  roasting  the  powdered  sulphide  in 
a  reverberatory  furnace,  and  itiising  the  heat  at  the  end  of  the  prooeBs, 
so  as  to  ftise  the  product :  it  has  long  been  known  under  the  name  of 
glass  of  caUinumy. 

Intermediate  oxide,  SbOt  or  SbO^SbOs. — This  is  the  ultimate 
product  of  the  oxidation  of  the  metal  by  heat  and  air :  it  is  a  grayisb- 
white  powder,  infusible,  and  destitute  of  volatility ;  it  is  insoluble  in 
water  and  in  acids,  except  when  recently  precipitated.  When  treated 
with  tartaric  acid  or  bitartrate  of  potassa,  teroxide  of  antimony  is 
dissolved,  antimonic  acid  remaining  behind  ;  alkalis,  on  the  other  hand, 
remove  antimonic  add,  teroxide  of  antimony  being  left. 

Antimonic  acid,  SbO^. — When  strong  nitric  acid  is  made  to  act 
upon  metallic  antimony,  the  metal  is  oxidized  to  its  highest  point,  and 
antimonic  acid  is  produced,  which  is  insoluble.  By  exposure  to  a  beat 
short  of  redness,  it  is  rendered  anhydrous,  and  then  presents  the  ap- 
pearance of  a  pale  straw-coloured  powder,  insoluble  in  water  and  adds. 
It  is  deoompc^ed  by  a  red-heat,  yielding  the  intermediate  oxid^  with 
loss  of  oxygen. 

Antimonic  acid  is  likewise  obtained  by  decomposing  pentachloride 
of  antimony  with  an  excess  of  water,  when,  together  with  the  metallic 
acid,  hydrochloric  add  is  produced.  The  hydrated  antimcmic  acid  pro- 
duced by  the  two  processes  mentioned,  differs  in  many  of  its  properties, 
and  especially  in  its  deportment  with  bases.  The  substance  produced 
by  nitric  acid  is  monobasic,' producing  salts  of  the  formula  MOySt>0|, 
the  other  is  bibasic,  and  forms  two  series  of  salts  of  the  com  position 
2MO,SbOg  and  MO,HO,SbOa.  In  order  to  distinguish  the  two  modi- 
fications. Si.  Fremy,  who  first  pointed  out  the  bibasic  nature  of  the 
add  obtained  from  the  pentachloride,  has  proposed  to  distingpoish 
it  as  metantimonic  acid.  Among  the  salts  of  the  letter,  an  add 
metantimonate  of  potassa  KO,HO,  SbO^+^HO,  is  to  be  noticed,  whidi 
yields  a  precipitate  with  soda-salts.  It  is  the  only  reagent  which 
precipitates  soda,  but  must  be  employed  with  great  care  and  circum- 
spection. It  is  obtained  by  fusing  antimonic  acid  with  an  excess  of 
potassa  in  a  silver  crucible,  dissolving  the  fused  mass  in  a  small  quantity 
of  cold  water,  and  allowing  it  to  ciystallize  in  vacuo.  The  crystals 
which  form  are  metantimonate  of  potassa,  2K0,  SbO.,  which,  when 
dissolved  in  pure  water,  are  decomposed  into  fi'ee  potassa  and  add 
metantimonate. 


AKTIHONT«  369 

TeRCHLORTDK    of  antimony  J  BUTTER  OP  ANTIMONY ;  SbCl,.— 

This  substance   is  produced  when  salphuretted  hydrogen  is  prepai'ed 

hj  the  action  of  strong  hydrochloric  add  on  tersulphide  of  antimony* 

The  impnre  and  highly-acid  solution  thoa  obtained  is  put  into  a  retort 

and  distilledy  until  each  drop  of  the  condensed  product,  on  fiiUing  into 

the  aqueous  liquid  of  the  receiver,  produces  a  copious  white  precipitate. 

The  receiver  is  then  dianged,  and  the  distillation  continued.     Pure 

terchloride  of  antimony  passes  over,  and  solidifies  on  cooling  to  a  white 

and  highly-crystalline  man,  from  which  the  air  requii'es  to  be  carefully 

excluded.     The  same  compound  is  formed  by  dbtilling  metallic  anti* 

mony  in  powder  with  2^  times  its  weight  of  corrosive  sublimate. 

Terchloride  of  antimony  is  yery  deliquescent :  it  diraolves  in  stiong 

hydrochloric  acid  without  decomposition,  and  the  solution  poured  into 

water  gives  rise  to  a  white  bulky  precipitate,  which,  after  a  short 

time,  becomes  highly  crystalline,  and   assumes   a  pale  fawn-colour* 

This  is  the  old  povcder  of  Algaroth  ;  it  is  a  compound  of  terchloride 

and  teroxide  of  antimony.     Alkaline  solutions  extract  the  chloride  and 

leave  teroxide  of  antimony.     Finely-powdered  antimony  thrown  into 

ehlorine  gas  enflames. 

Pentachix>ride  OP  ANTIMONY,  corrwpcnding  to  antimonic  acid, 
IS  formed  by  passing  a  stream  of  chlorine  gas  over  gently-heated 
metallic  antimony :  a  mixture  of  the  two  dilorides  results,  which  may 
be  separated  by  distiiration.  The  peniacMoride  is  a  colourless  volatile 
liquid,  which  forms  a  crystalline  compound  with  a  small  portion  of 
Water,  but  is  decomposed  by  a  larger  quantity  into  antimonic  and 
hydrochloric  acids. 

TerSITLPHIDB  op  ANTIMONY;  CRUDE  ANTIMONY;  SbS,. — ^Thc 
native  sulphide  is  a  lead-gray,  brittle  substance,  having  a  radiated 
crystalline  texture,  and  is  easily  fusible.  It  may  be  prepared  arti- 
ficioliy  by  melting  together  antimony  and  sulphur.  When  a  solution 
of  tartar-emetic  is  precipitated  by  sulphuretted  hydrogen,  a  brick-red 
precipitate  falls,  which  is  the  same  substance  combinei  with  a  little 
Water.  If  the  pi"ecipitate  be  dried  and  gently  heated,  the  water  may 
*«  expelled  without  other  change  of  colour  than  a  little  daikening,  but 
*t  a  higher  temperature  it  assumes  the  colour  and  aspect  of  the  native 
^Iphide.  This  remarkable  change  probably  indicates  a  passage  from 
we  amorphous  to  the  crystalline  condition. 

When  powdered  tersulphide  of  antimony  is  boiled  in  a  solution  of 
caustic  potassa,  it  is  dissolved,  teroxide  of  antimony  and  sulphide  of 
potassium  being  produced.  The  latter  unites  with  an  additional 
quantity  of  tersulphide  of  antimony  to  a  soluble  sulphur-salt,  in 
which  the  sulphide  of  potassium  is  the  sulphur-base,  and  the  ter- 
^Jilphide  of  antimony  is  the  sulphur-acid. 

3K0  -i-  2SbS,  =  SbO,  +  3KS,SbS,. 
The  teroxide  of  antimony  separates  in  small  crystals  from  the  boiling 
Solution  when  the  latter  is  concentrated,  and  the  sulphur-salt  dissolves 
^  «itra  portion  of  tersulphide  of  antimony,  which  it  again  deposit* 

2b 


370.  AJITIIIOKT. 

OD  cooling  as  a  red  amorphous  powder,  ocMktaioing  a  amiill  admixtnre 
of  teroxide  of  aotiiDooj  and  sulphide  of  potassium.  This  is  the  kermes 
mineral  of  the  old  rhemists.  The  filtered  solution  mixed  with  an  acid 
gives  a  salt  of  potassa,  sulphuretted  hydrogen,  and  preci[Ntated  ttsT' 
sulphide  of  antimony.  Kermes  may  also  be  made  by  fusing  a  mixtixre 
of  5  parts  tersulphide  of  antimony  and  three  of  dry  carbonate  of  aodat 
boihng  the  mass  in  80  parts  of  water,  and  filteiing  while  hot :  the 
compound  separates  on  cooling. 

Pentasolphide  of  antimont,  SbSy  formerly  called  sidphmr  ots- 
ratum,  also  exists:  it  is  a  sulphur-acid,  18  parts  finely-powdered 
tersulphide  of  antimony,  1 7  pai  ts  dry  carbonate  of  soda,  13  parts 
lime  in  a  state  of  hydrate,  and  3}  parts  sulphur,  are  btuled  for  some 
hours  in  a  quantity  of  watei* ;  carbonate  of  lime,  antimonate  ot  soda, 
pentasulphide  of  antimony,  and  sulphide  of  sodium  are  pi-oduced.  The 
first  is  insoluble,  and  the  second  partially  so:  the  two  last-uuned 
bodies,  on  the  contrary,  unite  to  a  soluble  sulphur-salt,  which  may  by 
evaporation  be  obtained  in  beautiful  crystals.  A  solution  of  this  sul>> 
stance,  mixed  with  dilute  sulphuiic  acid,  furnishes  sulphate  of  soda, 
sulphuretted  hydrogen,  and  pentasulphide  oi  antimony,  which  falls  as 
a  golden-yellow  fioeculent  precipitate. 

Antimoxettrd  h^dbogen. — A  compound  of  antimony  and  hydro- 
gen exists,  but  has  not  been  isolated :  when  zinc  is  put  into  a  solutioa 
of  teroxide  of  antimony,  and  sulphuric  acid  added,  port  of  the  hydrogea 
combines  with  the  antimony.  This  gas  bums  with  a  greenish  flaroev 
giving  rise  to  white  fumes  of  teroxide  of  antimony.  When  the  gas  is 
conducted  through  a  red-hot  glass  tube  of  narrow  dimensions,  or  buineii 
with  a  limited  supply  of  »r,  such  as  is  the  case  when  a  oold  poroelaia 
surface  is  pressed  into  the  flame,  metallic  antimony  is  deposited.  On 
passing  a  current  of  antimonetted  hydrogen  tlirough  a  solution  of 
nitrate  of  silver  a  black  precipitate  is  obtained,  containing  Sb  Ag, :  (rom 
the  formation  of  this  compound  it  is  inferred  that  the  gas  has  the  oom« 
position  SbHg. 

The  few  salts  of  antimony  soluble  in  water  are  amply  characterizpd 
by  the  orange  or  brick-red  pi*ecipitate  with  sulphuretted  hydrogen, 
which  is  soluble  in  a  solution  of  sulphide  of  ammonium,  and  again  pre- 
cipitated by  an  acid. 

Besides  its  application  to  medicine,  antimony  is  of  great  import* 
asce  in  the  arts,  inasmuch  as  it  forms  with  lead  type  metal.  This 
alloy  expands  at  the  moment  of  solidifying,  and  takes  an  exceedingly 
shai-p  impression  of  the  mould.  It  is  remarkable  that  both  its  consti* 
tnents  shrink  under  similar  circum!»tances,  and  make  very  bad  castings. 
Tersulphide  of  antimony  enters  into  the  composition  of  tiie  blue  signal* 
light  used  at  sea.* 

*  Blue  or  Bengal  light  :- 

Dry  nitrate  of  potassa    .       .       .    6  parts. 

Sulphur 2     » 

Tenmlpbfde  of  antimony       .       .    1  part 

All  in  fine  powder,  and  hiiimatelj  mliKd. 
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TELLURIUM. 

This  metal,  or  semi-metal,  is  of  very  rare  occnrreoce  :  it  is  found  fir 
a  few  scarce  minerals  in  association  with  gold,  silver,  lead,  and  bismuth, 
apparently  replacing  sulphur,  and  is  most  easily  extracted  irora  the 
snlpho-telluride  of  bismuth  of  Chemnitz,  in  Hungary.     The  finely- 
powdered  ore  is  mixed  with,  an  equal  weight  of  dry  carbonate  of  soda, 
the  mixture  made  into  a  paste  with  oil,  and  heated  to  whiteness  in  a 
doeety-covered  crucible.     Telluride  and  sulphide  of  sodium  are  pro- 
duced, and  metallic  bismuth  set  fn>e.     The  fused  mass  is  dissolved  in 
irater  and  the  solution  freely  exposed  to  the  air,  when  the  sodium  and 
sulphur  oxidize  to  caustic  soda  and  hyposulphite  of  soda,  while  the 
tellurium  separates  in  the  metallic  state.     Tellurium  has  the  colour 
and  lustre  of  silver ;  by  fusion  and  slow  cooling  it  may  be  made  to 
exhibit  the  form  of  rhombohedral  crystals  similar  to  tho^e  of  antimony 
and  arsenic.     It  is  brittle,  and  a  comparatively  bad  conductor  of  heat 
and  electricity :  it  has  a  density  of  6'26,  melts  at  a  little  below  a  red- 
beat,  and  volatilizes  at  a  higher  temperature.     Tellurium  bums  when 
heated  in  the  air,  and  is  oxidized  by  nitric  acid.     Two  compounds  of 
this  substance  with  oxygen  are  known,  having  acid  propeilies  :  they 
much  resemble  the  acids  of  arsenic. 
The  equivalent  of  tellunum  is  64 ;  its  symbol  is  Te.    * 
Tellurous  acid,  TeOj. — ^This  is  obtained  by  burning  tellurium 
in  the  air.  or  by  heating  it  in  fine  powder  with  nitric  acid  of  1'25  spe* 
cific  gravity ;  a  solution  is  rapidly  formed,  from  which  white  anhy^ 
drous  octahedral  crystals  of  tellurous  acid  ai-e  deposited  on  standing. 
The  acid  is  fusible  at  a  red-heat,  and  slightly  volatile  at  a  higher  tem- 
perature; it  is  but  feebly  soluble  in  water  or  acids,  easily  dissolved  by 
Alkalis,  and  reduced  when  heated  with  carbon  or  hydrogen.    A  hydrate 
of  tellurous  acid  is  thrown  down  when  tellurite  of  potassa  is  mixed 
^th  a  slight  excess  of  nitric  acid :  it  is  a  white  powder,  soluble  to  a 
certain  extent  in  water,  and  reddens  litmus. 

Telluric  acid,  TeO,. — Equal  parts  of  tellurous  acid  and  cai^ 
Vimate  of  soda  are  fused,  and  the  product  dissolved  in  water ;  a  little 
Iiydrate  of  soda  is  added,  and  a  stream  of  chlorine  passed  through  the 
tolution.  The  liquid  is  next  saturated  with  ammonia,  and  mixed  with 
solution  of  chloride  of  barium,  by  which  a  white  insoluble  precipitate 
of  tellurate  of  baryta  is  thrown  down.  This  is  washed  and  dige>ted 
▼ith  a  quarter  of  its  weight  of  sulphuric  acid,  diluted  with  water. 
The  filtered  solution  gives,  on  evaporation  in  the  air,  large  crystals  of 
telluric  acid. 

Telluric  acid  is  freely,  although  slowly,  soluble  in  water :  it  has  a 
i>>ctaIUc  taste,  and  reddens  litmus-paper.  When  the  crystals  are 
"Wrongly  heated,  they  lose  water,  and  yield  the  anhydrous  acid,  which 
^tbea  insoluble  in  water,  and  even  in  a  boiling  alkaline  liquid.  At 
^«  temperature  of  ignition,  telluric  acid  loses  oxygen,  and  passes  into 
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tellarous  acid.    The  salts  of  the  alkalis  are  soluble,  but  do  not 
tallize ;  those  of  the  earths  are  nearly,  or  quite,  insoluble. 

There  are  two  chlorides  of  tellurium,  and  also  a  hydride, 
closely  resembles  sulphuretted  hydrogen* 

ARSENIC. 

Arsenic  is  sometimes  found  native :  it  occurs  in  considerable  quantity 
as  a  constituent  of  many  minerals,  combined  with  metals,  sulphur  and 
oxygen.  In  the  oxidized  state  it  has  been  found  in  very  minute  quan- 
tity in  a  great  many  mineral  waters.  The  largest  proportion  is 
derived  from  the  roasting  of  natural  arsenides  of  iron,  nickel,  and 
cobalt :  the  operation  is  conducted  in  a  reverberatory  fnrnaoe,  and  the 
Yohitile  products  condensed  in  a  long  and  nearly  horizontal  chimney, 
or  in  a  kind  of  lower  of  brickwork,  divided  into  numerous  chambera. 
The  crude  arsenious  add  thus  produced  is  purified  by  sublimation,  and 
then  heated  with  charcoal  in  a  retort ;  the  metal  is  reduced,  and  rodilj 
jiublimes. 

Arsenic  has  a  steel-gray  colour,  and  high  metallic  lustre :  it  is  czy*- 
talline  and  very  brittle ;  it  tarnishes  in  Uie  air,  but  may  be  preserved 
unchanged  in  pure  water.  Its  density  is  5-7  to  5*9.  ^Hben  healed, 
it  volatilizes  without  fusion,  and  if  air  be  pi'esent,  oxidizes  to  arseniona 
acid.  The  vapour  has  the  odour  of  garlic.  This  substance  combines 
with  metals  in  the  same  manner  as  sulphur  and  phosphorus,  which  it 
resembles,  especially  the  latter,  in  many  respects.  With  oxygen  it 
unites  in  two  proportions,  giving  rise  to  arsenious  and  arsenic  adds. 
There  is  no  basic  oxide  of  arsenic. 

The  equivalent  of  arsenic  is  75 ;  its  symbol  is  As. 

Arsknious  acid  ;  WHITE  OXIDE  OF  ARSENIC ;  AsO,. — The  origin 
of  this  substance  is  mentioned  above.  It  is  commonly  met  with  in 
the  form  of  a  heavy,  white,  glassy-looking  substance,  with  smooth 
oonchoidal  fi-acture,  which  has  evidently  undergone  fusion.  Wh«i 
freshly-prepared,  it  is  often  transparent,  but  by  keeping  becomes 
.opaque,  at  the  same  time  slightly  diminishing  in  density,  and  acquiring 
a  greater  degree  of  solubility  in  water.  100  parts  of  that  liqidd  dis- 
.solve,  at  212^  (lOO^C),  about  11*5  parts  of  the  opaque  variety:  the 
largest  portion  separates,  however,  on  cooling,  leaving  about  3  parts 
dissolved :  the  solution  feebly  reddens  litmus.  Cold  water,  agitated 
with  powdered  arsenious  acid,  takes  up  a  still  smaller  quantity. 
Alkalis  dissolve  this  substance  iireely,  forming  arsenites;  also  com- 
pounds with  ammonia,  baryta,  strontia,  lime,  magnesia,  and  oxide  of 
manganese,  have  been  formed  :  the  compound  with  oxide  of  silver  is  a 
beautiful  lemon-yellow  predpitate.  Arsenious  add  is  easily  soluble  in 
hot  hydrochloric  add.  The  vapour  of  arsenious  add  is  colourless  and 
inodorous.  It  crystallizes  on  solidifying  in  brilliant  transparent  octi^ 
hedra.  The  add  itself  has  a  feeble  sweetish  and  astringent  taste,  and 
is  a  most  fearful  poison. 
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Absenic  acid,  AsOg. — Powdered  anenioua  acid  is  dissolved  in  hoi 
hydrodiloric  acid,  and  oxidized  by  the  additiou  of  nitric  acid,  the  latter 
being  added  aa  long  as  red  vapoun  are  prodaced  :  the  whole  is  then 
CADtiously  evaporated  to  complete  dryness.  The  acid  thus  produced  is 
-white  and  anhydrous.  Put  into  water,  it  slowly  but  completely  dis* 
Golves,  giving  a  highly-acid  solution,  which,  on  being  evaporated  to  a 
synipy  consistence,  deposits,  after  a  time,  hydrated  crystals  of  arsenic 
add.  When  strongly  heated,  it  is  decomposed  into  arsenious  acid  and 
ojEyigen  gas. 

This  substance  is  a  very  powerful  acid,  comparable  with  phosphoric, 
which  it  resembles  in  the  closest  manner,  forming  salts  strictly  iso* 
morphous  with  the  oon'e^ponding  phosphates :  it  is  also  tribasic.     An 
arsenate  of  soda,  2NaO,HO,As05+24HO,  indistinguishable  in  appeai^- 
ance  from  common  phosphate  of  soda,  may  be  prepared  by  adding  tlie 
carbonate  to  a  solution  of  arsenic  acid,  until  an  alkaline  reaction  is 
apparent,  and  then  evaporating.    This  salt  also  crystallizes  with  14 
equivalents  of  water.    Another  ai-senate,  3NaO,As05  +  24Hi),  is  pro- 
duced when  carbonate  of  soda  in  eicess  is  fused  with  ai'senic  acid, 
or  when  the  preceding  salt  is  mixed  with  caustic  soda.      A  third, 
NaO,2HO,A8044'2HO,  is  made  by  substituting  an  excess  of  arsenic  add 
for  the  solution  of  alkali.     The  alkaline  arsenates  which  contain  basio 
water  lo«e  the  latter  at  a  red-heat,  but,  unlike  the  phosphates,  recover 
it  when  again  dissolved.    The  salts  of  the  alkalis  are  soluble  in  water ; 
those  of  the  earths  and  other  metallic  oxides  are  insoluble,  but  are  dis- 
solved by  acids.    The  precipitate  with  nitrate  of  silver  is  highly  cha- 
ncteiistic  of  arsenic  add :  it  is  reddish-brown. 

Two  Sulphides  of  absbkic  aie  known. — Realgar,  AsS,,  occurs 
native.  It  is  formed  artificially,  by  heating  ai-senic  add  with  the 
proper  proportion  of  sulphur.  It  is  an  orange-red,  fusible,  and  volatile 
8ob«tance,  employed  in  painting  and  by  the  pyrotechnist  in  making 
fpfnte-fire.  Orpitnent,  AsS„  which  is  also  a  product  of  the  mineral 
kingdom,  is  made  by  fusing  arsenic  with  the  appropriate  quantity  of 
sulphur,  or  by  precipitating  a  solution  of  arsenious  add  by  sulphu* 
retted  hydrogen.  It  is  a  golden-ydlow  crystalline  substance,  fusible 
and  volatile  by  heat.  A  cold  solution  of  arsenic  acid  is  not  immediately 
precipitated  by  sulphuretted  hydrogen :  after  some  hours  the  solution, 
saturated  with  sulphuretted  hydrogen,  yields  a  light-yellow  deposit  ot 
snlj^ur,  the  arsenic  acid  being  reduced  to  arsenious  add,  which  is  then 
gradually  converted  into  lemon-yellow  tenulphide  of  arsenic.  In 
boiling  solutions  the  precipitate  takes  place  immediately.  The  mixture 
of  sulphur  and  tersulphide  of  ai'senic,  thus  produced,  was  formerly 
regarded  as  a  pentasulphide,  corresponding  to  arsenic  acid.  Kealgar 
and  orpiment  are  sulphur-acids. 

Arsenic  unites  with  chlorine,  iodine,  &c.  The  iercMoride,  AsCl„ 
is  formed  by  distilling  a  mixture  of  1  pail  of  arsenic,  and  6  parts  oi 
oorrosive  sublimate :  it  is  a  colourless,  volatile  liquid,  decomppsed  by 
water  into  arsenious  and  hydrochloric  acids.    The  same  substance  is 
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produced  with  diaengagement  of  heat  and  light,  when  powdered 
arsenic  is  thrown  into  chlorine  gas.  The  iodide,  Asl^  is  formed  bj 
beating  metallic  arsenic  with  iodine :  it  is  a  deep-red  crystalline  lal^ 
stance,  capable  of  sublimation.  The  bromide  aiM^  fivotide  ar«  bo«k 
liquid. 

Arsenic  also  combines  with  hydrogen,  formii^  a  gaseous  componnd 
AsHg,  analogous  to  phosphoretted  hydrogen,  ft  is  obtained  pure  by 
the  action  of  strong  hydrochloric  add  on  an  alluy  of  equal  parts  ot 
zinc  and  arsenic,  and  is  produced  in  greater  or  less  proportion  when- 
ever hydrogen  is  set  free  in  contact  with  arsenions  acid.  ArBeneCted 
hydrogen  is  a  colourless  gas,  of  2*695  specific  gravity,  slightly  soluble 
in  water,  and  having  the  smell  of  garlic.  It  bums  when  kindled  witb 
a  blue  flame,  generating  arsoiious  acid.  It  is  al»  deoompoeed  bj 
transmission  through  a  rai-hot  tube.  Many  metallic  solutions  are  pre- 
cipitated by  this  substance.  It  i6,  when  inhaled,  exceedingly  poisooooa, 
even  in  very  minute  quantity. 


Arsenions  acid  is  distinguished  by  characters  which  cannot  be  mis- 
understood. 

Nitrate  of  silver,  mixed  with  a  solution  of  arsenious  acid  in  water, 
occasions  no  precipitate,  or  merely  a  faint  cloud  :  but  if  a  little  alkali, 
as  a  drop  of  ammonia,  be  added,  a  yellow  precipitate  of  araoiite  of 
silver  immediately  falls.  The  precipitate  is  exceedingly  soluble  in 
excess  •  of  ammonia ;  that  substance  muot,  therefore,  be  added  with 
great  caution ;  it  is  likewise  very  soluble  in  nitric  acid. 

Sulphate  of  copper  gives  no  precipitate  with  solution  of  arsenioiis 
acid,  until  the  addition  has  been  made  of  a  little  alkali,  when  a  brilliant 
yellow-green  precipitate  (Scheele's  green)  fidls,  which  al^o  is  very 
•oluble  in  excess  of  ammonia. 

Sulphuretted  hydi'ogen  passed  into  a  solution  of  arsenious  add, 
to  which  a  few  drops  of  hydrochloric  or  sulphuric  acid  have  been 
added,  occasions  the  productiou  of  a  copious  bright-yellow  precipitate 
of  orp)m<>nt,  which  is  dissolved  w^ith  fiicility  by  ammonia,  and  repre- 
cipitated  by  acids. 

Solid  arsenious  acid,  heated  by  the  blowpipe  in  a  narrow  glass  tube 
with  small  fragments  of  dry  charcoal,  affords  a  sublimate  of  metallic 
arsenic  in  the  shajie  of  a  brilliant  steel-gray  metallic  ring.  A  portion 
of  this,  detached  by  the  point  of  a  knife,  and  heated  in  a  second  glass 
tube,  with  excess  of  air,  yields,  in  its  turn,  a  sublimate  of  ooloorleBS, 
tiansparent,  octahedral  crystals  of  arsenious  acid. 

All  these  experiments,  which  jointly  give  demonstrative  proof  of 
the  presence  of  the  substance  in  question,  may  be  peiibrmed  with 
perfect  precision  and  certainty,  upon  exceedingly  small  quantities  of 
material. 

The  detection  of  anenious  acid  in  complex  mixtures  c<mtaining  or- 
ganic matter  and  common  salt,  as  beei,  gruel,  soup,  &c,  or  the  fluid 
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Tontents  of  the  stomach  in  cases  of  poisonin:;,  is  a  reiy  far  more  diffi- 
cult problem,  bat  one  which  is  unfortunately  often  required  to  be 
solved.    These  organic   matters  interfere  completely  with  the  liquid 
teats,  and  rendo"  t^eir  indications  worthless.     {Sometimes  the  difficulty 
may  be  eluded  by  a  diligent  search  in  the  suspected  liquid,  and  in  the 
▼e»el  containing  it,  for  fragments  or  powder  of  solid  arsenious  acid, 
\rhich,  from  its  small  degree  of  solubility,  oflen  escape 
solution,  and  from  the  high  density  of  the  substance  may        ^'  163. 
be  found  at  the  bottom  of  the  vessels  in  which  the 
fluids  ai%  contained.     If  anytliing  of  the  kind  be  found, 
it  may  be  washed  by  decantation  with  a  little  cold 
water,  dried,  and  then  reduced  with  charcoal.     For  the 
bitter  purpose,  a  small  glass  tube  is  taken,  having  the 
figure  represented  in  the  margin ;  white  German  glasK, 
free  from  lead,  is  to  be  preferred.     The  arsenious  acid, 
or  what  is  suspected  to  be  such,  is  dropped  to  the 
bottom,  and  covered  with  splinters  or  little  fragments 
of  charcoal,  the  tube  being  tilled  to  the  shoulder.     The 
whole  is  gently  heated,  to  expel  any  moisture  that  may 
be  present  in  the  charcoal,  and  the  deposited  water  wiped 
from  the  interior  of  the  tube  with  bibulous  paper.    The 
narrow  part  of  the  tube  containing  the  charcoal,  from 
a  to  6,  is  now  heated  by  the  blowpipe  flame;  when 
red-hot  the  tul)e  is  inclined,  so  that  the  bottom  also 
may  become  heated.     The  arsenious  acid,  if  presen*,  is 
vaporized,  and  reduced  by  the  charcoal,  and  a  ring 
of  metallic  arsenic  deposited  on  the  cool  part  of  the 
tube.    To  complete  the  experiment,  the  tube  may  be  melted  at  a  by  the 
point  of  the  flame,  drawn  off,  and  cloaed,  and  the  arsenic  oxidized  to 
arsenious  acid,  by  chasing  it  up  and  down  by  the  heat  of  a  small  spirit- 
lamp.     A  little  water  mny  afterwards  be  introduced,  and  boiled  in  the 
tube,  by  which  the  arsenwus  acid  will  be  dissolved,  and  to  this  solution 
the  tests  of  nitrate  of  silver  and  ammonia,  sulphate  of  copper  and  am- 
monia, and  sulphuretteJ  hydrc^en  may  be  applied. 

When  the  search  for  solid  arsenious  acid  fails,  the  liquid  itself  must 
he  examined ;  a  tolerably  limpid  solution  must  be  obtained,  from  which 
the  arsenic  may  be  precipitated  by  sulphuretted  hydrogen,  and  the 
orpiment  collected,  and  reduced  to  the  metallic  state.  It  is  in  the  first 
part  of  this  operation  that  the  chief  difficulty  is  found  :  such  organic 
mixtures  refuse  to  filter,  or  filter  so  slowly,  as  to  render  some  method 
of  acceleration  indispensable.'^  Boiling  with  a  little  csiustic  potassa  or 
acetic  acid  will  sometimes  effect  this  object.  The  following  is  an 
outline  of  a  plan,  which  has  been  found  successful  in  a  variety  of  cases, 
in  which  a  very  small  quantity  of  arsenious  acid  had  been  purposely 
added  to  an  organio  mixture.  Oil  of  vitriol,  itself  periiectly  free  from 
amnic,  is  mixed  with  the  suspected  liquid,  in  the  proportion  of  about 
*  The  separation  of  the  araeniooa  acid  by  dial  jsl^  see  page  138. 
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a  measured  ounce  to  a  pint,  having  been  prerioaslj  diluted  with  a 
little  water,  and  the  whde  is  boiled  in  a  flask  for  half  an  hodir,  «r 
until  a  complete  separation  of  solid  and  liquid  matter  becomes  manifest. 
The  acid  converts  any  starch  that  may  be  present  into  dextrin  and 
sugar :  it  coagulates  completely  albuminous  substances,  and  casrin,  in 
the  case  of  milk,  and  brings  the  whole  in  a  very  short  time   into  a 
state  in  which  filtration  is  both  easy  and  rapid.    Through  the  filtered 
solution,  when  cold,  a  current  of  sulphuretted  hydrogen  is  transmitted, 
and  the  liquid  is  warmed,  to  facilitate  the  deposition  of  the  tersalphide, 
which  falls  in  combination  with  a  large  quantity  of  organic  matter, 
which  often  communicates  to  it  a  dirty  colour.     This  is  collected  upon 
a  small  filter,  and  washed.     It  is  next  transferred  to  a  cspsule,  axul 
heated  with  a  mixture  of  nitric  and  hydrochloric  acids,  by  which  the 
organic  impurities  are  in  a  great  measure  destroyed,  and  the  arseDk 
oxidized  to  ai-senic  acid.    The  solution  is  evaporated  to  dryness,  the 
soluble  part  taken  up  by  dilute  hydrochloric  acid,  and  then  thesolntiosi 
saturated  with  sulphurous  acid,  whereby  the  arsenic  acid  is  reduced  to 
the  state  of  arsenious  add,  the  sulphurous  being  oxidized  to  sulphuric 
acid.     The  solution  of  arsenious  acid  may  be  precipitated  by  Eulphuret>> 
ted  hydrogen  without  any  difficulty.     The  liquid  is  warmed,  and  the 
precipitate  washed  by  decautation,  and  dried.     It  is  then  mixed  with 
black-fiux,  and  heated  in  a  small  glass  tube,  similar  to  that  alreadj 
described,  with  similar  precautions ;  a  ring  <^  reduced  arsenic  is  ob- 
tained, which  may  be  oxidized  to  ai*8enious  acid,  and  further  examined. 
The  black-flux  is  a  mixture  of  carbonate  of  potnssa  and  diarcoal, 
obtained  by  calcining  cream  of  tartar  in  a  close  crudbk ;  the  alkali 
transforms  the  sulphide  into  arsenious  acid,  the  charcoal  subsequently 
effecting  the  deoxidation.     A  mixture  of  anhydrous  carbonate  of  soda 
and  charcoal  may  be  substituted  with  advantage  for  the  common  black- 
flux,  as  it  is  less  hygroscopic. 

Other  methods  of  proceeding,  different  in  prindple  firom  the  fore- 
going, have  been  proposed,  as  that  of  the  late  Mr.  Mar&h,  whidi  is 
exceedingly  delicate.  The  suspected  liquid  is  acidulated  with  sulphuric 
add  and  placed  in  contact  with  metallic  zinc ;  the  hydrogen  i^uort 
the  arsenious  add  and  combines  with  the  arsenic,  if  any  be  present. 
The  gas  is  burned  at  a  jet,  and  a  piece  of  glass  or  porcelain  held  in  the 
flame,  when  any  admixture  of  arsenetted  hydrogen  is  at  once  known  by 
the  production  of  a  brilliant  black  metallic  spot  of  reduced  arsenic  ou 
the  poix^lain.  Or  the  gas  is  passed  through  a  glass  tube  heated  at 
one  or  two  places  to  redness,  when  the  arsenetted  hydrc^n  is  decom- 
posed, a  ring  of  metallic  arsenic  appearing  behind  the  heated  portion  of 
the  tube. 

It  has  been  observed  (page  870)  that  antimonetted  hjrdrogen  gives 
a  similar  I'esult.  In  order  to  distinguish  the  two  substances,  the  gas 
may  be  passed  into  a  solution  of  nitrate  of  silver.  Both  gases  give 
rise  to  a  black  precipitate,  which,  in  the  case  of  antimonetted  hydro- 
gen, consists  of  antimouide  of  silver,  Ag^Sb,  whilst  it  is  pure  tily&c  in 


■reenilt  of  lilvn-  mtmina  diuolned  in  the  nitric  acid  which  is  librrHled 
bj  the  precipitalion  of  the  lilver,  and  naj  be  thrown  down  with  iti 
ohmnicteriitlc  tcIIdw  colour  by  adding  ammonia  to  the  liquid  61lci«d 
off  from  thf  black  pmipitat«.  The  bladi  anlimonide  of  ulrer,  when 
arrfullT  waihed  uid  lutiKquently  boiled  with  ■  aolution  cf  tartaric 
■cid,  jicldi  >  wlutioa  containing  actimonr  only,  and  from  which  snl- 
pburetled  hydrogm  Kpaiat«fl  the  ebaractenstic  orange-yellow  precipl- 
tait  of  t<r*ulphide  of  antimony. 

hi^  I  it  conBists  of  a  bent  tube,  having  two  bulbs  blown  upon  it,  tilted 

with  B  itop-cock  and  nimw  jet.      Slips  of  line  are  put  ints  the  lower 

bulb,  which  ii  aflerwarda  filled  with  the  liquid  to  be  eiainiued.     On 

replacing  the  atop-cock,  doMd,  the  gas  collect! 

•iwl  forces  ihe  Quid  into  the  upper  bulb,  which  fig-  1M, 

then  acta  by  ill  hydroitatic  preiaure,  and  upela 

the  gas  through  the  jet  k  eoon  as  the  ttop-cock 

ia  opened.     It  must  be  borne  in  mind  that  both 

common  lino  and  sulphnrir  add  ofleu  contaia 

trace*  of  arsenic.     Mr.  Bloiam*  baa  Utely  prv 

posed  an   im|)ortant   modification   of   ilarvh^a 

process  for  the  detection  of  arsenic  and  anti* 

mony  in  organic  subAtancea,  which  is  based  on 

the  behaviour  of  solutions  of  these  metals  under 

the  inHueace  of  the  electric  current.    Antimony 

is  depoiited  in  the  metallic  state,  without  anj 

duengagetuent  of  antimonetted  hydrogen,  while 

anenic  ia  erolred  as  anenetted  hydi't^eQt  which 

may  be  recogniied  by   the  characlen  already 

indicated. 

A  slip  of  copper.foil  boiled  in  the  poisoned 

liquid,  pr«Tioua1y  acidulated  with  hydrochloric 

aud,  withdraws  the  arsenic,  and  becomes  covered  with  a  *hile  alloy. 

By  heating  the  metal  in  a  glass  tube,  Ihe  aiseiiic  is  eipetled,  and 

■  Jounul  Cbem.  Soc.,  illL  33a, 
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SECTION  VI. 

HETAL8  WHOSE  OXIDES  ARE  BEDUCED  BT  BEAT. 


6ILVEB. 


Silver  is  found  in  the  metallic  state,  as  sulphide  in  union  vith  sul- 
phide of  antimony  and  sulphide  of  arsenic,  and  also  as  diloride,  iodide, 
and  bromide.  Among  the  principal  silver  mines  may  be  menticned 
those  of  the  Hartz  mountains  in  Germany,  of  Konigsbei^  in  Nonrar, 
and,  more  particularly,  of  the  Andes  in  both  North  and  Sonth  America. 

The  greater  pail  of  the  silver  of  commerce  is  extracted  from  ores  so 
poor  as  to  render  any  process  of  smelting  or  fusion  inapplicable,  even 
where  fuel  could  be  obtaineii,  and  this  is  often  difficult  to  be  proctmd. 
liecoui'se,  therefore,  is  had  to  another  method,  that  of  amalgamation^ 
founded  on  the  easy  solubility  of  silrer  and  many  other  metals  w 
metallic  mercury. 

The  amalgamation-process,  as  conducted  in  Germany,  differs  some- 
what from  that  in  use  in  America.  The  ore  is  crudied  to  powder, 
mixed  with  a  quantity  of  common  salt,  and  roasted  at  a  low  red-beat 
in  a  suitable  furnace,  by  \jrhich  treatment  any  sulphide  of  silver  it  may 
contain  is  converted  into  chloride.  The  mixture  of  earthy  matter, 
oxides  of  iron,  copper,  soluble  salts,  chloride  of  silver,  and  metallic  sil- 
ver, is  sifted  and  put  into  large  barrels,  made  to  revolve  on  axes,  with  a 
quantity  of  water  and  scraps  of  iron,  and  the  whole  agitated  together 
for  some  time,  during  which  the  iron  reduces  the  chloride  of  silver  to 
the  state  of  metal.  A  certain  proportion  of  mercury  is  then  introduced, 
and  the  agitation  repeated :  the  mercury  dissolves  out  the  silver, 
together  with  gold,  if  there  be  any,  metallic  copper,  and  other  sub- 
stances, forming  a  6uid  amalgam  easily  sepai-able  from  the  thin  mod  of 
earthy  matter  by  subsidence  and  washing.  This  amalgam  is  strained 
through  strong  linen  cloth,  and  the  solid  portion  exposed  to  heat  in  a 
kind  of  retort,  by  which  the  remaining  mercury  is  distilled  off  and  the 
silver  left  behind  in  an  impure  condition. 

A  considerable  quantity  of  silver  is  obtained  from  argentiferous 
galena :  in  fact,  almost  every  specimen  of  native  sulphide  of  lead  will 
le  found  to  contain  traces  of  this  metal.  When  the  proportion  rises 
to  a  certain  amount  it  becomes  worth  extracting.  The  ore  is  reduced 
ill  the  usual  manner,  the  whole  of  the  silver  remaining  with  the  lead ; 
the  latter  is  then  re-melted  in  a  large  vessel,  and  allowed  slowly  to 
cool  until  solidification  commences.     The  portion  which  first  crystal- 
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lizes  IS  nenrly  pare  lend,  the  alloy  with  silver  being  more  fusible  than 
lead  itself:  by  particular  management  this  la  drained  awny,  and  is 
Ibiuid  to  contain  nearly  the  whole  of  th«  silrer  [Pattinson's  process]. 
This  rich  mass  is  neit  exposed  to  a  red-heat  on  the  shallow  hearth  of  a 
fumaoe,  while  a  stream  of  air  is  allowed  to  impinge  upon  its  surface ; 
oxidatioD  takes  place  with  great  rapidity,  the  fused  oxide  or  litharge 
being  constantly  swept  from  the  metal  by  the  blast.  When  the  greater 
part  of  the  lead  has  been  thus  removed,  the  residue  is  transferred  to  a 
cupel  or  shallow  dish  made  of  bone-ashes,  and  again  heated :  the  last 
portion  of  the  lead  is  now  oxidized,  and  the  oxide  sinks  in  a  melted 
state  into  tlie  porous  vessel,  while  the  silver,  almost  chemically  pure, 
and  exhibiting  a  brilliant  surface,  remains  behind. 

Pure  silrer  may  be  easily  obtained.  The  metal  is  dissolved  in  nitric 
acid  :  if  it  contain  copper,  the  solution  will  ha\'e  a  blue  tint ;  gold  will 
remain  undissolved  as  a  black  powder.  The  solution  is  mixed  with 
hydrochloric  add  or  with  common  salt,  and  the  white,  insoluble  curdy 
precipitate  of  chloride  of  silver  washed  and  dried.  This  is  then  mixed 
with  about  twice  its  weight  of  anhydrous  carbonate  of  soda,  and  the 
mixture,  placed  in  an  eaithen  cruciUe,  gradually  raised  to  a  tempera- 
ture approaching  whiteoe&s,  during  which  the  carbonate  of  soda  and  the 
chloride  react  upon  each  other,  carbonic  acid  and  oxygen  escape,  while 
metallic  silver  and  chloride  of  sodium  result:  the  foimer  fubes  into  a 
buttMi  at  the  bottom  of  the  crucible,  and  is  easily  detached.  The 
following  is  perhaps  the  mocit  simple  method  for  the  reduction  of  chlo* 
ride  of  silver.  The  silver-salt  is  covered  with  water  to  which  a  few 
drops  of  sulphuric  acid  are  added ;  a  plate  of  zinc  is  then  introduced. 
The  chloride  of  silver  soon  begins  to  be  decomposed,  and  is,  after  a 
short  time,  entirely  converted  into  metallic  silver;  the  silver  thus 
obtained  is  grey  and  spongy  ;  it  is  ultimately  purified  by  washing  with 
clightly-acidulated  water. 

Pure  silver  has  a  most  perfect  white  colour  and  a  high  d^ree  of 
lustre :  it  is  exceedingly  malleable  and  ductile,  and  is  probubly  the  best 
conductor  both  of  heat  and  electricity  known.  Its  specific  gravity  is 
10*5.  In  hardness  it  lies  between  gold  and  copper.  It  melts  at  a 
bright  red-heat,  about  1873^  (1023<^C),  according  to  the  observations 
of  Mr.  Daniell.  Silver  is  unalterable  by  air  and  moisture:  it  i-efuses 
to  oxidize  at  any  temperature,  but  posse^bei  the  extraordinary  faculty 
already  noticed  in  an  earlier  part  of  the  work,  of  abaorbing  many  times 
its  volume  of  oxygen  when  strongly  heated  in  an  atmosphere  of  that 
gas,  or  in  common  air.  The  oxygen  is  again  disengaged  at  the 
moment  of  solidifiMition,  and  gives  rise  to  the  peculiar  arborescent 
appearance  often  remarked  on  the  surface  of  masses  or  buttons  of  pure 
silver.  The  addition  of  2  per  cent,  of  copper  is  sufficient  to  ]>revent 
the  absoi-ption  of  oxygen.  Silver  oxidizer*  when  heated  with  fusible 
siliceous  matter,  as  glau,  which  it  stains  yellow  or  orange,  from  the 
formation  of  a  silicate.  It  is  little  attacked  by  hydrochloric  acid  ; 
boiling  oil  of  vitriol  converts  it  into  sulphate  with  evolution  of  suU 
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phurous  acid ;  nitric  add,  even  dilate  and  in  the  cold,  dLssolres  ii 
readily.  The  tarnishing  of  surfaces  of  silver  exposed  to  the  air  is  doe 
to  sulphuretted  hydrogen,  and  the  metal  having  a  strong  attraction  for 
aulphur.  There  are  three  oxides  of  silver,  one  of  which  is  a  powerful 
base  isomorphoos  with  potassa,  soda,  and  oxide  of  ammoniom. 

The  equivalent  of  silver  is  108 ;  its  symbol  is  Ag  (ai^gentnm). 

Suboxide  of  silver,  AgjO. — When  dry  citrate  of  silver  is  heatel 
to  212°  (lOO^C)  in  a  stream  of  hydrogen  gas,  it  loses  oxygen  aod 
becomes  dark  brown.  The  product,  dinolved  in  water,  gives  a  dark* 
coloured  solution  containing  free  citric  acid  and  citrate  of  the  auboxide 
of  silver.  The  suboxide  is  then  predpitated  by  potassa.  It  is  a  black 
powder,  very  easily  decomposed,  and  soluble  in  ammonia.  The  solntioD 
of  citrate  is  rendered  colourless  by  heat,  being  resolved  into  a  salt  <^ 
the  protoxide  and  metallic  silver.  According  to  Wohler,  suboxide  ck 
silver  is  also  formed  by  boiling  arsenite  of  silver  with  caustic  alkalis. 
In  this  case  it  is  mixed  with  metallic  silver. 

Protoxide  of  silver,  AgO. — Caustic  potaasa  added  to  a  solution 
of  nitrate  of  silver  throws  down  a  pale-brown  precipitate,  which  con* 
aists  of  protoxide  of  silver.  It  is  very  soluble  in  ammonia,  and  is  du- 
solved  also  to  a  small  extent  by  para  water ;  the  solution  is  alkaline. 
Recently-predpitated  chloride  of  silver,  boiled  with  a  solution  of  caustic 
potassa  of  specific  gravity  1*25,  according  to  the  observation  of  Dr. 
Gregory,  is  converted,  although  with  difficulty,  into  oxide  of  silver, 
which  in  this  case  is  black  and  very  dense.  The  protoxide  of  silver 
neutralizes  adds  completely,  and  forms,  for  the  most  part,  colourless 
salts.  It  is  decomposed  by  a  red-heat,  with  evolution  of  oxygen, 
spongy  metallic  silver  being  lefi :  the  sun's  rays  also  effect  its  deooco- 
position  to  a  small  extent. 

Peroxide  of  silver. — ^This  is  a  black  crystalline  substance  whidi 
forms  upon  the  positive  electrode  of  a  voltaic  arrangement  employed  to 
decompose  a  solution  of  nitrate  of  silver.  It  is  reduced  by  heat, 
evolves  chlorine  when  acted  upon  by  hydrochloric  add,  explodes  when 
mixed  with  phosphorus  and  struck,  and  decomposes  solution  of  ammonia 
with  great  energy  and  rapid  disengagement  of  nitrogen  gas. 

Nitrate  of  silver,  AgO,NOft. — ^The  nitrate  is  prepared  by  di- 
rectly dissolving  silver  in  nitric  acid,  and  evaporating  the  solution  to 
dryness,  or  until  it  is  strong  enough  to  crystallize  on  coolii^.  The 
crystals  are  colourless,  transparent,  anhydrous  tables,  soluble  in  an 
equal  weight  of  cold,  and  in  half  that  quautity  of  boiling  water:  they 
also  dissolve  in  alcohol.  They  fuse  when  heated  like  t£oee  of  nitre, 
and  at  a  high  temperature  suffer  decomposition:  the  hmar  cauaiui 
pf  the  surgeon  is  nitrate  of  silver  which  has  been  mdted  and  poured 
into  a  cylindrical  mould.  The  salt  blackens  when  exposed  to  light, 
more  particularly  if  organic  matters  of  any  kind  be  present,  and  is 
frequently  employed  to  communicate  a  dark  stain  to  the  hair;  it 
enters  into  the  composition  of  the  **  indelible  "  ink  used  for  marking 
linen.    The  black  stain  has  been  thought  to  be  metallic  silver ;  it  may 
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possibly  be  suboxide.  Pare  nitrate  of  silver  may  be  prepared  from  the 
metal  alloyed  with  copper:  the  alloy  is  dissolved  in  nitric  acid,  the 
solation  evaporated  to  dryness,  and  the  mixed  nitrates  cautiously  heated 
to  fusion.  A  small  portion  of  the  melted  mass  is  removed  from  time 
to  time  for  examination :  it  is  dissolved  in  water,  HItered,  and  ammonia 
added  to  it  in  excess.  While  any  copper-salt  remains  undecom posed, 
the  liquid  will  be  blue,  bnt  when  that  no  longer  happens,  the  nitrate 
may  be  sufiered  to  cool,  dissolved  in  water,  and  filtex^  from  tbe  inso* 
lable  black  oxide  of  copper. 

Sulphate  of  silver,  AgO,SO,. — ^The  sulphate  may  be  prepared 
by  boiling  tc^ether  oil  of  vitriol  and  metallic  silver,  or  by  precipitating 
a  concentrated  solution  of  nitrate  of  silver  by  an  alkaline  sulphate. 
It  dissolves  in  88  parts  of  boiling  water,  and  separates  in  great  measure 
in  a  crystalline  form  on  cooling,  having  but  a  feeble  degree  of  solubility 
at  a  low  temperature.  It  forms  a  crystallizable  compound  with  ammo* 
nia,  freely  soluble  in  water,  containing  AgCSO^+^NHi. 

Byposuiphate  of  Silver,  AgOySjOg+HO,  is  a  soluble  crystallizable 
•alt,  permanent  in  the  air.  The  hyposulphite  is  insoluble,  white,  and 
Tery  prone  to  decomposition :  it  combines  with  the  alkaline  hypo* 
aalpbites,  forming  soluble  oompoands  distinguislted  by  an  intensely- 
sweet  taste.  The  alkaline  hyposulphites  dissolve  both  oxide  and 
chloride  of  silver,  and  give  rise  to  similar  salts,  an  oxide  or  chloride  of 
the  alkaline  metal  being  at  the  same  time  formed.  Carbonate  of  siher 
is  a  white  insoluble  substance  obtained  by  mixing  solutions  of  nitrate 
of  silver  and  of  carbonate  of  soda*  It  is  blackened  and  decomposed  by 
boQing. 

CiiLORiDK  OF  S1LVEB,  AgCI. — This  substance  is  almost  invariably 
produced  when  a  soluble  salt  of  silver  and  a  soluble  chloride  are  mixed. 
it  fidls  as  a  white  curdy  precipitate,  quite  insoluble  in  water  and  nitric 
acid ;  but  one  part  of  chloride  of  silver  is  soluble  in  200  paris  of 
hydrochloric  acid  when  concentrated,  and  in  about  600  parts  when 
diluted  with  double  its  weight  of  water.  When  heated  it  melts,  and 
OQ  cooling  becomes  a  grayish  crystalline  mass,  which  cuts  like  horn :  it 
is  found  native  in  this  condition,  constituting  the  horn-silver  of  the 
mineralogist.  Chloride  of  silver  is  decomposed  by  light  both  in  a  dry 
and  wet  state,  very  slowly  if  pure,  and  quickly  if  organic  matter  be 
present :  it  is  reduced  also  when  put  into  water  with  metallic  zinc  or 
iron.  It  is  soluble  with  great  ease  in  ammonia  and  in  a  solution  of 
cyanide  of  potassium.  In  practical  analysis  the  proportion  of  chlorine 
or  hydrochloric  acid  in  a  compound  is  always  estimated  by  precipitation 
by  solution  of  silver.  The  liquid  is  acidulated  with  nitric  acid,  and  an 
excess  of  nitrate  of  sliver  added ;  tbe  chloride  is  collected  on  a  filter,  or 
better  by  sabsidenoe,  washed,  dried,  and  fused.;  100  parts  correspond 
to  24*7  of  chlorine,  or  25*43  of  hydrochloric  acid. 

Iodide  of  silver,  Agl. — The  iodide  is  a  pale-yellow  insoluble 
precipitate,  produced  by  adding  nitrate  of  silver  to  iodide  of  potassium : 
it  is  insoluble  or  nearly  so  in  ammonia,  and  forms  an  exception  to  the 
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silrer-salts  in  general  in  this  respect.  Derille  ha^  obtained  a  cryytaUine 
iodide  of  silver  by  the  action  of  concentrated  hjdriodic  ac^  upoa 
metallic  silver,  which  it  disBolves  with  disengagement  of  bjdrogcfl. 
Hydriodic  acid  oonyerts  chloride  of  silver  into  iodide.  The  bromide  of 
silver  verj  closely  resembles  the  chloride. 

Sdlpiiide  op  silver,  AgS.— This  is  a  sof%  gray,  and  somewbal 
malleable  substance,  found  native  in  a  crystallized  state,  and  easily 
produced  by  melting  together  its  constituents,  or  by  precipitating  a 
solution  of  silver  by  sulphuretteil  hydrogen.  It  b  a  strom;  svlpfaor- 
base,  and  combines  with  the  sulphides  of  antimony  and  arsenic :  ex- 
amples of  such  compounds  are  fooiid  in  the  beautiful  minerals,  dark' 
•and  light-red  tUcer  ore, 

Amhokia-<x>upouvd  of  silver;  Bertbollet*8  FUXJUHATOae 
SILVER. — When  precipitated  oxide  of  silver  is  digested  in  anm)<»ia,  a 
black  substance  is  produced,  possessing  extremely  dangerous  exploaiTv 

Sroperties.  It  explodes  while  moist,  when  rubbed  wiUi  a  hard  body, 
ut  when  dry  the  touch  of  a  feather  is  sufficient.  The  ammonia 
retains  some  of  this  substance  in  solution,  and  deposits  it  in  small 
crystals  by  spontaneous  evaporation.  A  similar  compound  containing 
oxide  of  gold  exists.  It  is  easy  to  understand  the  reason  why  these 
bodies  are  subject  to  such  violent  and  sudden  decomposition  by  the 
slightest  cause,  on  the  supposition  that  they  contain  an  oxide  of  aa 
easily-reducible  metal  and  ammonia:  the  attmction  between  the  two 
oonNtituents  of  the  substance  is  very  feeble,  while  that  between  the 
oxygen  of  the  one  and  the  hydrc^en  of  the  other  is  very  poworfuL 
The  explosion  is  caiisei  by  the  sudden  evolution  of  nitrogen  gas  and 
vapour  of  water,  the  metal  being  set  im^ 

A  soluble  salt  of  silver  is  pwfectly  characterized  by  the  white  curdy 
precipitate  of  chloride  of  silver,  darkening  by  exposure  to  light,  and 
insoluble  in  hot  nitric  acid,  which  is  produced  by  the  addition  of  any 
soluble  chloride.  Lead  is  the  only  metal  which  can  be  confounded 
with  it  in  this  respect ;  but  chloride  of  lead  is  soluble  to  a  great  extent 
in  boiling  water,  and  is  deposited  in  brilliant  adculnr  crystals  when  the 
solution  cools.  Solutions  of  silver  are  reduced  to  the  metallic  state  by 
iron,  copper,  meixnu  y,  and  other  metals. 

The  economical  uses  of  silver  are  many :  it  is  admirable  for  culinary 
and  other  similar  purposes,  not  being  attacked  in  the  slightest  d^ree 
by  any  of  the  substances  used  for  food.  It  is  necessary,  however,  in 
these  cases  to  diminish  the  softness  of  the  metal  by  a  small  addition  of 
copper.  The  standard  silver  of  England  contains  222  parts  of  silver 
and  18  parts  of  copper. 

GOLD, 

Gold,  in  small  quantities,  is  a  very  widely-diffused  metal ;  (noes 
are  constantly  foimd  in  the  iixm  pyrites  of  the  more  ancient  rocks.    It 
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16  always  met  with  m  the  metallic  state,  sometimes  bcautifally  crys- 
talUzed  in  the  cubic  form,  associated  with  quartz,  oxide  of  iron,  and 
o^ier  substanceei,  in  r^ular  mineral  veinA.  The  sands  of  rarious 
rirers  hax*e  ItMig  furuished  gold  derived  from  this  source,  and  separable 
bj  a  simple  process  of  washing ;  such  is  the  gold-dust  of  commerce. 
When  a  Tein8t<Mie  is  wrought  for  gold,  it  is  stamped  to  powder,  and 
shaken  in  a  sQiiable  apparatus  with  water  and  mercury;  an  amalgam 
is  formed,  which  is  afterwards  separated  from  the  mixture  and  decom* 
pofed  bj  dj&tillation. 

The  pure  metal  is  obtained  by  solution  in  nitro>hydroch]oi  ic  acid 
and  precipitation  by  a  salt  of  protoxide  of  iron,  which,  by  undergoing 
peroxidation,  reduces  the  gold.  The  latter  falls  as  a  brown  powder, 
which  acquires  the  metallic  lustre  by  friction. 

Gold  is  a  soft  metal,  having  a  beaut'ful  yellow  colour.  It  snr* 
passes  all  other  metals  in  malleability,  the  thinnest  gold  leaf  not  ex- 
ceeding, it  is  said,  go{^  of  an  inch  in  thickness,  while  the  gilding  on 
the  silver  wire  used  in  the  manufacture  of  goid4ace  is  still  thinner. 
It  may  also  be  drawn  into  veiy  fine  wire.  Gold  has  a  density  of 
19*5 :  it  melts  at  a  temperature  a  little  above  the  fusing-point  of  silver* 
Neither  air  nor  water  affect  it  in  the  least  at  any  temperature ;  the 
ordinary  acids  fail  to  attack  it  singly.  A  mixture  of  uitiic  and  hydro- 
chloric acids  dissolves  gold,  however,  with  ease,  the  active  agent  being 
the  liberated  chlorine.  Gold  forms  two  compounds  with  oxvgen,  and 
two  corresponding  compounds  with  chlorine,  iodine,  sulphur,  &c.  Both 
oxides  refuse  to  unite  with  acids. 

The  equivalent  of  gold  is  197.  Its  symbol  is  An  (aurum). 
Protoxide  op  oold,  AuO. — The  protoxide  is  produced  when 
caustic  potasxa  in  solution  is  poured  upon  the  protochloride.  It  is  a 
green  powder,  partly  soluble  in  the  alkaline  liquid:  the  solution 
rapidly  decomposes  into  metallic  gold,  which  subsides,  and  into  ter-. 
oxide,  which  remains  dissolved. 

Teroxidb  of  GOLD;  AURio  ACID;  AuG,.— When  magnesia  is 
added  to  the  terchloride  of  gold,  and  the  spanngly-soluble  aurate  of 
that  base  well  washed  and  digested  with  nitric  acid,  the  teroxide  is 
left  as  an  insoluble  reddish-yellow  powder,  which,  when  dry,  becomes 
chestnut-brown.  It  is  easily  reduoed  by  heat,  and  also  by  mere  ex- 
posure to  light ;  it  is  insoluble  in  oxygen  acids,  with  the  exception  of 
strong  nitric  acid,  insoluble  in  hydroHiioric  add,  easily  disHolv«d  by 
hydrochloric  and  hydrobromic  acids.  Alkalis  dissolve  it  freely;  indeed, 
the  add  properties  of  this  substance  are  very  strongly  maiked  :  it  par- 
tially decomposes  a  solution  of  chloride  of  potassium  when  boiled  with 
that  liquid,  potassa  bdng  produced.  When  digested  with  ammonia,  it 
famishes  fulminating  gold. 

Protochloride  of  gold,  AuCl. — This  substance  is  produced  when 
the  terchloride  is  evaporated  to  dryness,  and  exposed  to  a  heat  of  440° 
(226°6C),  until  chlorine  ceases  to  be  exhnled.  It  forms  a  yellowish- 
white  mass^  insoluble  in  water.     In  contact  with  that  liquid  it  is 
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decomposed  slowly  in  the  cold,  and  rapidly  by  the  aid  of  heat,  mto^  { 
metallic  gold  aud  terchloride. 

•  Terchloride  of  golu,  AuCl,. — ^This  is  the  most  important  ooii>->  ■ 
pound  of  the  metal :  it  is  always  produced  when  gold  is  dissolved  in 
nitn>*hydrochloric  acid.  The  deep- yellow  solution  thus  obtained  yields, 
by  evaporation,  yellow  crystals  of  the  double  chloride  of  goM  and 
hydrogen :  when  this  is  cautiously  heated,  hydrochloric  acid  is  expelled, 
and  the  residue,  on  cooling,  solidifies  to  a  red  crystalline  mass  of  ter- 
chloride of  gold,  yery  deliquescent,  and  soluble  in  water,  alcohol,  and 
ether.  ^Hie  terchloride  of  gold  combines  with  a  number  of  metallic 
chlorides,  forming  a  series  of  double  salts,  of  which  the  general  formula 
in  the  anhydrous  state  is  MCI+AuCl|,  M  representing  an  equivalent 
of  the  second  metal.  These  compounds  aie  mostly  yellow  when  in 
crystals,  and  red  when  deprived  of  water. 

A  mixture  of  terchloride  of  gold  with  excess  of  bicarbonate  of  potassa 
or  soda  is  used  for  gilding  small  ornamental  articles  of  copper :  these 
are  cleaned  by  dilute  nitric  acid,  and  then  boiled  in  the  mixture  for 
some  time,  by  whidi  means  they  acquire  a  thin  but  perfect  coating  of 
reduced  gold. 

The  oQier  compounds  of  gold  are  of  very  little  importance. 


The  presence  of  this  metal  in  solution  may  be  known  by  the  brown 
precipitate  with  sulphate  of  protoxide  of  iron,  fusible  before  the  blow- 
pipe into  a  bead  of  gold ;  and  by  the  purple  compound  formed  when 
the  terchloride  of  gold  is  added  to  a  solution  of  protochloride  of  tin. 


Gold  intended  for  coin,  and  most  other  purposes,  is  always  alloyed 
with  a  certain  proportion  of  silver  or  copper  to  increase  its  hardness 
and  durability:  the  first-named  metal  confers  a  pale-greenish  oolonr. 
English  standard  gold  (x>ntains  -^  of  alloy,  now  always  copper.  Gold 
when  alloyed  with  copper  may  be  determined  by  fusion  in  a  cupel 
with  lead,  in  the  same  way  &s  in  the  alloy  with  silver.  If  the  alloy  be 
free  from  silver,  the  weight  of  the  globule  of  gold  left  in  the  cupel  wiU, 
after  repeated  fusions,  accurately  represent  the  quantity  of  gold  which 
is  present  in  the  alloy.  But  if  the  alloy  contain  silver,  that  metal 
remains  with  the  gold  after  cupellation.  In  this  case  the  original  alloy, 
consisting  of  gold,  silver,  and  copper,  is  fused  in  the  muffle  together 
with  lead  and  silver;  the  alloy  of  gold  and  silver  remaining  ailer 
cupellation  is  then  boiled  with  nitric  acid  which  dissolves  the  silver, 
the  gold  being  lefl  behind.  By  treatment  of  the  alloy  of  gold  and  silver 
with  nitric  acid  an  accurate  separation  is  obtained  only  when  the  two 
metals  are  present  u  certain  proportions.  If  the  alloy  contain  but  tittle 
silver,  that  metal  is  protected  from  the  action  of  the  nitric  acid  by  the 
gold ;  again,  if  it  conttiin  too  much  silver,  the  gold  is  left  as  a  powder 
when  the  silver  is  dissolved  out.  Experience  has  shown  that  the  most 
favourable  proportions  are  j-  gold  to  f  silver;  the  gold  then  is  left 
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jrare,  retaining  the  original  Bhape  of  the  alloy,  and  can  be  easily  dried 
and  weighed.  The  quantity  of  silrer  which  is  added  to  the  alloy  most 
therefore  vary  with  the  amount  of  gold  which  it  contains. 

Gold-iecKf  is  made  by  rolling  out  plates  of  pure  gold  as  thin  as  poft* 
aible,  and  then  beating  them  between  folds  of  membrane  by  a  heavy 
hammer,  until  the  requisite  degree  of  tenuity  has  been  reached.  The 
leaf  is  made  to  adhere  to  wood,  &c.,  by  size  or  varnish. 

Gildine  on  copper  has  veiy  generally  been  performed  by  dipping 
the  article  into  a  solution  of  nitrate  of  mercury,  and  then  shaking 
them  ^th  a  small  lump  of  a  soft  amalgam  of  gold  with  that  metal, 
which  thus  becomes  spread  oyer  their  surfaces :  the  articles  are  subse^ 
quently  heated  to  expel  the  mercury  and  then  burnished.  Gilding  on 
steel  is  done  either  by  applying  a  solution  of  terchloride  of  gold,  in 
ether,  or  by  ronghening  the  surfiioe  of  the  metal,  heating  it,  and  apply- 
ing gold-leaf,  with  a  burnisher.  Gilding  by  electrolynis — an  elegant 
and  simple  method,  now  npidly  superseding  many  of  the  others — has 
already  been  noticed.  The  solution  usually  employed  is  obtained  by 
dissolving  oxide  or  cyanide  of  gold  in  a  solution  of  cyanide  of  potas- 
sium.^ 

MEBCURT,  OR  QUICKSILYEB. 

This  Tery  remarkable  metal  has  been  known  from  an  early  period, 
and  perhaps  more  than  all  others  has  excited  the  attention  and  cu- 
riosity of  experimenters,  by  reason  of  its  peculiar  physical  properties. 
Mercury  is  of  great  importance  in  several  of  the  arts,  and  enters  into 
the  oompositiim  of  many  valuable  medicaments. 

Metallic  mercury  is  occasionally  met  with  in  globules  disseminated 
through  the  native  sulphide,  which  is  the  ordinary  ore.  This  latter 
substance,  sometimes  calleJ  cinnabar^  is  found  in  considerable  quantity 
in  several  localities,  of  which  the  most  celebrated  areAlmadeo  in  Spain, 
and  Idria  in  Austria.  Only  recoitly  it  has  been  discovered  in  great 
abundance,  and  of  remarkable  purity,  in  California  and  Australia. 
The  metal  is  obtained  by  heating  the  sulphide  in  an  iron  retort  with 
lime  or  scraps  of  iron,  or  by  roasting  it  in  a  furnace,  and  conducting 
the  vapours  into  a  lai^e  chamber,  where  the  mercury  is  condensed, 
while  the  sulphurous  acid  is  allowed  to  escape.  Mercury  is  imported 
into  this  country  in  bottles  of  hammered  iron,  containing  seventy-five 
pounds  each,  and  in  a  state  of  considerable  purity.  When  purchased 
in  smaller  quantities,  it  is  sometimes  found  adulterated  with  tin  and 
lead,  which  metals  it  dissolves  to  some  extent  without  much  loss 
of  fluidity.  Such  admixture  may  be  known  by  the  foul  surface 
the  mercury  exhibits  when  shaken  in  a  bottle  containing  air,  and 
by  the  globules,  when  made  to  roll  upon  the  table,  having  a  train  or 
taU.     . 

Mercury  has  a  nearly  silver-white  colour,  and  a  very  high  degree 
of  lustre :  it  is  liquid  at  all  ordinary  temperatures,  and  only  solidifies 

•  Meass.  Elklngton, '  AppUcafciMi  of  Electro-MetaUurgy  to  the  Arts.* 
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when  cooled  to  -  40°  (  -  40°C).  In  this  state  it  is  soft  and  malleaUc; 
At  662^  (350^C)  it  boils,  and  yields  a  transparent,  <x>Ioarlcss  Tapoor, 
of  great  density.  The  metal  volatilizes,  howerer,  to  a  sensible  extent 
at  all  temperatures  above  68°  (20°C)  or  TO''  (21°C);  below  Uiis  point 
its  volatility  is  imperceptible.  The  volatility  of  mercury  at  the  boil* 
ing-heat  is  singularly  retarded  by  the  presence  of  minute  quantities  of 
lef^  or  zinc.  The  specific  gravity  of  mercury  at  60°  (l6°-5C)is 
13*59 ;  that  of  frozen  mercury  about  14,  great  contraction  taking 
place  in  the  act  of  solidification. 

Pure  quicksilver  is  quite  unalterable  in  the  air  at  common  tempera- 
tures, but  when  heated  to  near  its  boiling-point  it  slowly  abaorfas 
oxygen,  and  becomes  converted  into  a  crystalline  dark-red  powder, 
which  is  the  highest  oxide.  At  a  dull-red  heat  this  oxide  is  again 
decomposed  into  its  constituents.  Hydrochloric  acid  has  little  or  no 
action  on  mercury,  and  the  same  may  be  said  of  sulphuric  acid  id  a 
diluted  state:  when  the  latter  is  concentrated  and  boiling^ot,  it 
oxidizes  the  metal,  converting  it  into  sulphate  of  the  red  oxkle^ 
with  evolution  of  sulphurous  acid.  Nitric  acid,  even  dilute  and  in 
the  cold,  dissolves  mercury  freely,  with  an  evolution  of  binozide  of 
nitrogen. 

Mercury  combines  with  oxygen  in  two  proportions,  forming  a  gray 
and  a  red  oxide,  both  of  which  are  salifiable.  As  the  salts  of  the  red 
oxides  are  the  most  stable  and  permanent,  that  substance  may  be  re- 
garded  as  the  true  protoxide,  instead  of  the  gray  oxide,  to  which  the 
term  has  formerly  been  applied.  Until,  however,  isomorphoua  rela- 
tions connecting  mercury  with  (he  other  metals  shall  be  established, 
the  constitution  of  the  two  oxides,  and  that  of  the  oorrei^KHiding 
chlorides,  iodides,  &c,  must  remain  somewhat  unsettled. 

The  equivalent  of  mercury,  on  the  above  supposition,  will  be  100  ; 
its  symbol  is  Hg  (hydragyrum). 

Suboxide  of  mercury  ;  gray  oxide  ;  Hg,0. — The  suboxide  is 
easily  prepared  by  adding  caustic  potassa  to  the  nitrate  of  this  sub- 
stance, or  by  digesting  calomel  in  solution  of  caustic  alkali.  It  is  a 
dark-gray,  nearly  black,  heavy  powder,  insoluble  in  water.  It  » 
slowly  decomposed  by  the  action  of  light  into  metallic  mercury  and 
red  oxide.  The  preparations  known  in  pharmacy  by  the  names  bkie 
pill,  gray  omtmenty  mercury  with  chalk,  &c,  often  supposed  to  owe 
their  efficacy  to  this  substance,  merely  contain  the  finely-divided  metal. 

Protoxide  of  mercury  ;  red  oxide  ;  HgO. — There  are  numerous 
methods  by  which  this  compound  may  be  obtained ;  the  following 
may  be  cited  as  the  most  important :— (1)  By  exposing  mercury  in  a 
glass  flask,  with  a  long  narrow  neck,  for  several  weeks  to  a  tem- 
perature approaching  600°  (Sld^^'SC);  the  product  has  a  dark-red 
colour,  and  is  highly  crystalline :  it  is  the  red  precipitate  of  the  old 
writers.  (2)  By  cautiously  heating  any  of  the  nitrates  of  either 
oxide  to  complete  decomposition,  when  the  acid  is  decomposed  and 
expelled,  oxidizing  the  metal  to  a  maximum^  if  it  happen  to  be  in  the 
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-condition  of  suboxide.  The  product  is  in  this  case  also  crystalliDe 
and  verj  dense,  but  has  a  much  paler  colour  than  the  preceding; 
while  hot  it  is  nearly  black.  It  is  by  this  method  that  the  oxide  is 
generally  prepared  :  it  is  apt  to  contain  undecomposed  nitrate,  which 
maj  be  discovered  by  strongly  heating  a  portion  in  a  test-tube :  if  red 
fames  are  produced,  or  the  odour  of  nitrous  acid  exhaled,  the  oxide  has 
been  insufHciently  heated  in  tiie  process  of  manufacture.  (8)  By  adding 
caustic  potassa  in  excess  to  a  solution  of  corro^ve  sublimate,  by  which 
a  brighit-yellow  precipitate  of  oxide  is  thrown  down,  which  only  dif- 
fers from  the  foregoing  preparations  in  being  destitute  of  cryBtalline 
texture  and  much  more  minutely  divided.  It  must  be  well  washed  and 
dried. 

Red  oxide  of  mercury  is  slightly  soluble  in  water,  communicating  to 
the  latter  an  alkaline  reaction  and  metallic  taste :  it  is  highly  poison- 
ous When  strougly  heated,  it  is  decomposed,  as  before  ol»erved,  into 
metallic  mercury  and  oxygen  gas. 

KiTRATES  OP  THE  OXIDES  OF  MERCURY. — ^Nitric  acid  varies  in 
its  action  upon  mercury,  according  to  the  temperature.  When  cold 
and  somewhat  diluted,  only  salts  of  the  gray  oxide  are  formed,  and 
these  are  neutral  or  basic  (t.  e,  with  excess  of  oxide),  as  the  acid  or 
the  metal  happens  to  be  in  excess.  When,  on  the  contrary,  the  nitric 
acid  is  concentrated  and  hot,  the  mercury  is  raised  to  its  highest  state 
of  oxidation,  and  a  salt  of  the  red  oxide  produced.  Both  classes  of 
salts  are  apt  to  be  decomposed  by  a  large  quantity  of  water,  giving 
rise  to  insoluble,  or  sparingly  soluble,  compounds  containing  an  excess 
of  base. 

Neutral  nitraie  of  the  suboxide,  Hg20,N05+2H0,  forms  large 
colourless  crystals  soluble  in  a  small  quantity  of  water  without  decom- 
position :  it  is  made  by  dissolving  mercury  in  an  excess  of  cold  dilute 
nitric  acid. 

When  excess  of  mercury  has  been  employed,  a  finely-crystallized 
basic,  salt  is«  after  some  time,  deposited,  containing  3Hg20,2N05+ 
.3H0 ;  this  is  also  decomposed  by  water.  The  two  salts  are  easily 
distinguished  when  rubbed  in  a  mortar  with  a  little  chloride  of  so- 
dium ;  the  neutral  compound  gives  nitrate  of  soda  and  calomel ;  the 
basic  salt,  nitrate  of  soda  and  a  black  compound  of  calomel  with  oxide 
of  mercury.  A  black  substance,  called  Hahnemann'^  solubh  mercury^ 
is  produced  when  ammonia  in  small  quantity  is  dropped  into  a  solu- 
tion of  the  nitrate  of  the  suboxide  :  it  contains  SHgjO.NO^+^^H,  or, 
according  to  Sir  R.  Kane,  2Hg20,NO^+NHg:  the  composition  of  this 
preparation  evidently  varies  aocoiding  to  the  temperature  and  the  con- 
centration of  the  solutions. 

NUratea  of  the  Protoxide  {Bed  Oxide)  df  Mercury. — ^By  dissolving 
red  oxide  of  mercury  in  excess  of  nitric  acid,  and  evaporating  gently,  a 
syrupy  liquid  is  obtained,  which,  enclosed  in  a  bell-jar  over  lime  or 
sulphuric  acid,  deposits  voluminous  crystals  and  crystalline  crusts. 
The  crystals  and  crusts  have  the  same  composition,  2  (HgO,N05)  + 
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HO.  The  same  substance  is  deposited  from  the  syrupy  liquid  n  a 
crystalline  powder  by  dropping  it  into  concentrated  xdtnc  aad.  Tbe 
svrupy  liquid  itself  appears  to  be  a  definite  compound  oontaining  EgO, 
IHO5+2HO.  By  saturating  hot  dilute  nitric  acid  with  the  red  onde, 
a  salt  is  obtained  on  cooling  which  crystallizes  in  needles,  permaDent  in 
the  air,  containing  2HgO,NOA+HO.  The  preceding  crystallized  salts 
are  decomposed  by  water,  with  production  of  compounds  more  and 
moi-e  basic  as  tbe  washing  is  prolonged  or  the  temperature  of  the  water 
raised.  The  nitrates  of  the  protoxides  of  mercury  combine  vrith  amr 
monia. 

Sulphate  of  the  Svboxide  of  Mercury,  Hg,0^g,  falls  as  a  white 
crystalline  powder  wh^i  sulphuric  acid  is  added  to  a  solution  of  the 
nitrate  of  the  suboxide :  it  is  but  slightly  soluble  in  water.  Sv^ahate 
of  the  protoxide^  HgO,SO„  is  readily  prepared  by  boiling  together  oil 
of  vitriol  and  metallic  mercury  until  the  latter  is  wholly  converted  into 
a  heavy  white  crystalline  powder,  which  is  the  salt  in  question ;  the  exi> 
cess  of  acid  is  then  removed  by  evaporation,  carried  to  perfect  drynes. 
Equal  weights  of  acid  and  metal  may  be  conveniently  employed.  Water 
decomposes  the  sulphate,  dissolving  out  an  add  salt,  and  leaving  an  in- 
soluble, yellow,  basic  compound,  formerly  called  turpith  or  turitetk 
mineral,  containing,  according  to  Kane^s  analysis,  dHgO,SO|.  Long- 
continued  washing  with  hot  water  entirely  removes  the  remaining  acUl» 
and  leaves  pure  protoxide  of  mercury. 

SOBCHLOBiDE  OF  MEBCURY ;  CALOMEL;  Hg^Cl. — ^Tlus  very  im* 
portant  substance  may  be  easily  aud  well  prepared  by  pouring  a  solutioa 
of  the  nitrate  of  the  suboxide  iuto  a  large  excess  of  dilute  solution  of 
common  salt.  It  falls  as  a  dense  white  precipitate,  quite  insoluble  in 
water  :  it  must  be  thoroughly  washed  with  boiling  distilled  water,  and 
dried.  CSalomd  is  generally  prooired  by  another  and  more  complex 
piocess.  Dry  sulphate  of  the  red  oxide  is  rubbed  in  a  mortar  with  as 
much  metallic  mercury  as  it  ali'eady  contains,  and  a  quantity  of  com- 
mon salt  until  tbe  globules  disappear,  and  an  uniform  mixture  ha%  been 
produced.  This  is  subjected  to  sublimation,  the  vapour  of  the  calomel 
being  carried  into  an  atmosphere  of  steam,  or  into  a  chamber  contain- 
ing air ;  it  is  thus  condensed  into  a  minutely-divided  state,  aud  the 
laborious  process  of  pulverization  of  the  sublimed  mass  avoided.  The 
reaction  is  thus  explained  :* —  ^, 


*  If  the  gray  oxide  be  considered  as  protoxide,  the  sulphate  will  be  snlpbate 
of  the  binoxide,  HgOg*  SSOg,  and  the  decomposition  will  stand  thus :— 

1  eq.  metallic  mercury 

a  eq.  common  (  2  eq.  chlorine 
salt    .    .    t  2  eq.  sodium^ ^^  2  eq.  sulphate  of  aodiL 

Hg02. 2SO3  +  Hg  +  a^aCl  =  QHgQ  +  SCNaO^SOa). 
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11  eq.  mercoiy     ^ —^  Ca]omel,Hg|Cl. 
1  eq.  oxygen 
1  eq.  sul-    1 
phuric  tcid) 
I  eq.  metallic  mercury 

1  eq.  common  r   1  eq.  chlorine    y^             ^^"^^^      Sulphate  of 
salt  \   1  eq.  of  sodium . ^^        soda. 

HgO,SO„  +  Hg  +  NaCl  =  HggCl  +  NaO,SO,, 

Pure  calomel  is  a  heavy,  ivhite,  insoluble,  tasteless  powder :  it  rises 
in  vapour  at  a  temperature  below  x«dnes8,  and  is  obtained  by  ordinaiy 
sublimation  as  a  yellowish-white  crystalline  mass.  It  is  as  insoluble  in 
cold  diluted  nitric  acid  as  the  chloride  of  silver ;  boiling-hot  strong 
nitric  acid  oxidizes  and  dissolves  it.  Calomel  is  instantly  decomposed 
by  an  alkali,  or  by  lime-water,  with  production  of  suboxide.  It  is 
sometimes  apt  to  contain  a  little  chloride,  which  woiUd  be  a  very  dan- 
gerous contamination  in  calomel  employed  for  medical  purposes.  This 
is  easily  discovered  by  boiling  with  water,  filtering  the  liquid,  and 
adding  caustic  potassa.  Any  corrosive  sublimate  is  indicated  by  a 
yellow  precipitate. 

PrOTOCHLORIDE  of  MERCITRY  ;  CORROSIVE  SUBLIMATE  ;  HgCl. — 
The  chloride  may  be  obtained  by  several  different  processes.  (1)  When 
metallic  mercury  is  heated  in  chlorine  gas,  it  takes  fire  and  buiDS, 
producing  this  substance.  (2)  It  may  be  made  by  dissolving  the  red 
oxide  in  hot  hydrochloric  acid,  when  crystals  of  corrosive  sublimate 
separate  on  cooling.  (3)  Or,  more  economically,  by  subliming  a  mix- 
ture of  equal  pai  ts  of  sulphate  of  the  red  oxide  of  mercury  and  dry 
common  rait ;  and  this  is  the  plan  generally  followed.  The  decompo- 
sition is  thus  easily  explained  :*— - 

II  eq.  mercury ^Corrosive  sublimate. 
1  eq.  oxygen 
I  eq,  sul-     I 
phuric  acid  f 
1  eq.  common!  1  eq.  chlorine 
.  salt             \  1  eq.  sodium  ^^'^^  Sulphate  of  soda. 

HgO^SO,  -J.  NaCl  =  HgCl  -I-  KaO,SO,. 

The  sublimed  protochloride  forms  a  white  transparent  crystalline 
mass,  of  great  density :  it  melts  at  509°  (265^C),  and  boils  and  vola* 
tilizea  at  a  somewhat  higher  temperature.     It  is  soluble  in  16  parts  of 

*  Or  on  the  other  supposition  :«- 
-  1  eq.  sulphate  1 1  ^  "^reury Bichloride  of  mercury. 

^   t  a  eq.  sulphuric  tddj>><::^ 
Seq.oommon  12  eq.  chlorine  —"■""^^''^^w^ 
Mlt    •    .  (2  04.  sodium  ^^N.  a  eq.  SQlphate  of  soda. 

Hg02. 2S0a  +  SNaa  =  HgCla  +  a(NaO,SOa). 
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cold  and  3  of  boiling  witter,  and  crystallizes  from  a  hot  solution  in  long' 
white  prisms.  Akohol  and  ether  also  dissoWe  it  with  ftdlity  ;  the 
latter  eren  withdraws  it  from  a  watery  solution.  Chloride  of  mercury 
combines  with  a  great  nomber  of  other  metallic  chlorides,  forming  a 
series  of  beautiful  double  salts,  of  which  the  ancient  aal  aUnbntii  ma  jr 
be  taken  as  a  good  example:  it  contains  HgCl+^H^Cl+HO.  Cor- 
rosive sublimate  absorbs  ammoniacal  gas  with  great  avidity,  genenting 
a  oomponnd  supposed  to  contain  2HgCl+^H,. 

When  excess  of  ammonia  is  added  to  a  solution  of  ooirodve  subli- 
mate, a  white  insoluble  substance  is  thrown  down,  long  known  under 
the  name  of  lokite  precipitate.  Sir  Robert  Kane,  who  has  devoted 
much  attention  to  the  salts  of  mercury,  represents  this  white  precipitate 
as  a  double  amide  and  chloride  of  mercury,  or  HgCl+HgH^N,  2  equi- 
valents of  chloride  of  mercury  and  1  of  ammonia,  yielding  1  equi^'alent 
of  the  new  body  and  1  of  hydrochloric  acid.  A  corresponding  bhudc 
compound,  Hg^Cl+Hg^H^N,  is  produced  when  ammonia  is  digested 
with  calomel,  which  must  be  carefully  distinguished  from  the  suboxide. 

Several  compounds  of  protochloride  of  mercury  with  protoxide  of 
mercury  also  exist.  These  are  produced  by  several  processes,  as 
when  an  alkaline  carbonate  or  bicarbonate  is  added  in  varying  pro- 
portions to  a  solution  of  corrosive  sublimate.  They  difi^r  greatly  in 
colour  and  physical  character,  end  are  mostly  decomposed  by  water. 

Corrosive  sublimate  forms  insoluble  compounds  with  many  of  the 
azotised  organic  principles,  as  albumen,  &c  It  is  perhaps  to  this  pro- 
perty that  its  great  antiseptic  virtues  are  due.  Animal  and  vegetable 
substances  are  preserved  by  it  from  decay,  as  in  Mr.  Kyan's  method 
of  preserving  timber  and  cordage.  Albumen  is  on  this  account  an 
excellent  antidote  to  corrosive  sublimate  in  cases  of  poisoning. 

i>UBiODiDE  OF  MERCURY,  Hg,l.— The  subiodide  is  formed  when  a 
solution  of  iodide  and  potassium  is  added  to  nitrate  of  the  suboxide  of 
mercury:  it  separates  as  a  dirty-yellow,  insoluble  precipitate,  with  a 
cast  of  green.  It  may  be  prepaied  by  rubbing  together  in  a  mortar 
mercury  and  iodide  in  the  proportion  of  2  equivalmts  of  the  former  to 
1  of  the  latter,  the  mixture  being  moistened  from  time  to  time  with  a 
little  alcohol. 

PROTIODIDE  or  MERCURY,  Hgl. — When  solution  of  iodide  of  po- 
tassium is  mixed  with  protochloride  of  mercury,  a  precipitate  falls, 
which  is  at  firat  yellow,  but  in  a  few  moments  changes  to  a  most  bril- 
liant scarlet,  which  colour  is  retained  on  drying.  This  is  the  neutral 
iodide :  it  may  be  made,  although  of  rather  duller  tint,  by  triturating 
single  equivalents  of  iodine  and  mercury  with  a  little  alcohol.  W^hen 
prepared  by  precipitation,  it  is  better  to  weigh  out  the  proper  propor- 
tions of  the  two  salts,  as  the  iodide  is  soluble  in  an  excess  of  either, 
more  ettpecially  in  excess  of  iodide  of  potassium.  The  iodide  of  mer- 
cury exhibits  a  very  remarkable  case  of  dimorphism,  attended  with 
di£ferenoe  of  colour,  the  latter  being  red  or  yellow,  according  to  the 
figure  assumed*    Thus,  when  the  iodide  is  suddenly  exposed  to  a  high 
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tanperatare,  it  l)eoome8  bright  yellow  throughout,  and  yields  a  oopioas 
sablimate  of  miuote  bat  brilliant  jellow  crystals.  If  in  this  state  it 
be  toucbed  by  a  hard  body,  it  instantly  becomes  red,  and  the  same 
change  luppens  spontaneously  after  a  certain  lapse  of  time.  On  the' 
other  band,  by  a  rery  slow  and  tareful  heating,  a  sublimate  of  red 
crystals,  having  a  toUiliy  different  form,  may  be  obtained,  which  are 
pemoanent.  The  same  kind  of  change  happens  with  the  freshly-pre- 
cipitated iodide,  as  Mr.  Warrington  has  shown,  the  yellow  crystals 
first  formed  breaking  up  in  the  course  of  a  few  seconds  from  the 
passage  of  the  salt  to  the  red  modification.* 

SuBSULPHiDE  OF  MERCURY,  Hg^S. — The  black  precipitate  thrown 
down  from  a  solution  of  the  nitrate  of  suboxide  of  mercury  by  sul- 
phuretted hydrogen  is  a  subsulphide;  it  is  decomposed  by  heat  into 
metallic  mercury  and  protosulphide. 

Sulphide  of  merccrt;  artificial  cinnabar;  vermilion; 
HgS. — Sulphuretted  hydrogen  gas  causes  a  precipitate  of  a  white 
colour  when  passed  in  small  quantity  into  a  solution  of  corrosive  sub- 
limate or  nitrate  of  tiie  red  oxide :  this  is  a  combination  of  sulphide 
with  the  salt  itself.  An  excess  of  the  gas  oonvei-ts  the  whole  into 
sulphide,  the  colour  at  the  same  time  changing  to  black.  When  this 
black  sulphide  is  sublimed,  it  becomes  dark  red  and  ci-ystalline,  but 
undergoes  no  change  of  composition:  it  is  then  cinnabur.  The  sul- 
phide is  most  easily  prepared  by  subliming  an  intimate  mixture  of  6 
parts  of  mercury  and  1  of  sulphur,  and  reducing  to  very  fine  powder 
the  resulting  cinnabar,  the  beauty  of  tiie  tint  depending  much  upon 
the  extent  to  which  division  is  carried.  The  red  or  crystalline  sul- 
phide may  also  be  formed  directly,  without  sublimation,  by  heating  the 
black  precipitated  substance  in  a  solution  of  pentasnlphide  of  potassium ; 
the  sulphide  of  mercury  is,  in  fact,  soluble,  to  a  certain  extent,  in  the 
alkaline  sulphides,  and  forms  with  them  crystallizable  compoimds. 

When  vermilion  is  heated  in  the  air,  it  yields  metallic  mercury  and 
sulphurous  acid :  it  resists  the  action  both  of  caustic  alkali  in  solution^ 
and  of  strong  mineral  acids,  even  nitric,  and  is  only  attacked  by  aqua 
regia. 

When  protoxide  of  mercury  is  put  into  a  large  excess  of  pure  caustic 
ammonia,  a  compound  is  obtained,  the  colour  of  which  varies  with  the 
state  of  the  oxide.  If  the  latter  be  amorphous,  it  is  pale  yellow ;  if 
crystalline,  then  the  action  of  the  ammonia  is  much  less  energetic,  and 
the  product  darker  in  colour.  This  substance  possesses  very  extra- 
ordinary properties,  namely,  those  of  a  most  powerful  base,  and  probably 
belongs  to  the  same  class  as  the  com^iound  bases  containing  platinum, 
described  under  that  metal.  The  body  in  question  bears  a  tem}ierature 
of  260°  (126° -60),  without  decomposition,  becoming  brown  and  anhy- 
drous by  the  loss  of  3  equivalents  of  water.     In  this  state  it  contains 
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NH2Hg«0,=NH,Hg,0+2HgO,  or  NHg:40+2HO.  It  is  innluUtf 
fai  water,  alcohol,  and  ainmooia ;  cold  solution  of  potaasa  has  no  acticA 
on  the  hydrate,  bat  at  a  boiling  heat  some  amrooDia  is  dicei^aged. 
The  anhydrous  base  is  only  acted  on  by  hydrate  of  potaasa  in  fbsMiu 
It  combines  directly  and  energetically  with  adds,  fonning  well-defined 
eompounds ;  it  absorbs  carbonic  add  with  aridity  from  the  air,  likn 
baryta  or  lime.  It  eren  decomposes  aromoniacal  salts  by  boiling,  ei- 
pelling  the  ammonia  and  combining  with  the  add.* 


The  salts  of  mercury  are  all  volatilized  or  decomposed  by  a  tempera- 
ture of  ignition :  those  which  fiiil  to  yield  the  metal  by  simple  heating 
may  in  all  cases  be  made  to  do  so  by  heating  in  a  test-tube  with  a 
little  dry  caibonate  of  soda.  The  metal  is  precipitated  from  its  soluble 
combinations  by  a  ])late  of  copper,  and  also  by  a  solution  of  proto- 
chloride  of  tin,  used  in  excess.  The  behayiour  oi  the  protochloride  and 
soluble  sahs  of  the  red  oxide  with  caustic  potassa  and  ammonia  is  also 
highly  characteristic. 

Alloys  of  mercury  with  other  metals  are  termed  amalgams :  mer« 
cury  dissolves  in  this  manner  many  of  the  metals,  ns  gold,  silyer,  tin, 
lead,  &c.  These  combinations  sometimes  take  place  with  considerable 
violence,  as  in  the  case  of  potassium,  where  light  and  heat  are  pro* 
duced ;  besides  this,  many  of  the  amalgams  crystallize  after  a  while, 
becoming  solid.  The  amalgam  of  tin  used  in  silvering  looking-glasses, 
and  that  of  silver  and  of  copper,  sometimes  employed  for  stopping 
hollow  teeth,  are  examples. 

PLATINUM. 

Platinum,  palhidium,  rhodium,  iridium,  ruthenium,  and  osmium,  form 
a  small  group  of  metals,  allied  in  some  cases  by  properties  in  common, 
and  still  more  dosely  by  their  natural  assodstion.  Crude  piaHnwnf 
a  native  alloy  of  phitinum,  palladium,  rhodium,  iridium,  and  a  little 
iron,  occurs  in  grains  and  rolled  masses,  sometimes  of  tolerably  Jai^ 
dimensions,  mixed  with  gravd  and  transported  materials,  on  the  slope 
of  the  Ural  Mountains  in  Russis,  in  Brazil  and  Ceylon,  and  in  a  few 
other  places.  It  has  never  been  seen  in  the  rock,  which,  however,  is 
judged,  from  the  accompanying  materials,  to  have  been  serpentine.  It 
is  stated  to  be  always  present  in  small  quantities  with  native  silver. 

From  this  substance  platinum  is  prepared  by  the  following  process: — 
The  crude  metal  is  acted  upon  as  far  as  possible  by  nitro-hydrochlorio 
acid,  containing  an  excess  of  hydrochloric  acid,  and  slightly  diluted 
with  water,  in  order  to  dissolve  as  small  a  quantity  of  iridium  as 
possible :  to  the  deep  yellowish-red  and  highly-add  solution  thus 
produced  sal-ammoniac  is  added,  by  which  nearly  the  whole  of  tha 
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platinum  is  thrown  down  in  the  state  of  ammonfarchloridc  This 
sub(i>tance  is  washed  wttb  a  little  cold  water,  dried  and  heated  to  red^* 
ness :  metallic  platinum  in  the  spongy  state  is  leil.  This  metal  can  only 
with  difficnlty  be  fused  into  a  compact  ma«  by  ordinary  fumaoe-hfat, 
bat  the  same  object  may  be  aixximplished  by  taking  advantage  of  its 
property  of  welding,  like  iron,  at  a  high  temperature.  The  spongy 
platinum  is  made  into  a  thin  uniform  paste  with  water,  introduced  into 
a  slightly-conical  mould  of  brass,  and  subjected  to  a  graduated  pressure, 
by  whicJi  the  water  is  squeesed  out,  and  the  mass  rendered  at  length 
sufficisntly  solid  to  bear  handling.  It  is  then  dried,  very  carefully 
heated  to  whiteness,  and  hammered,  or  subjected  to  powerful  pressure 
by  suitable  means.  If  this  operation  is  properly  conducted,  the  pla> 
tinnm  will  then  be  in  a  state  to  bear  forging  into  a  bar,  which  can 
afterwards  be  rolled  into  plates,  or  drawn  into  wire,  at  pleasure. 

A  method  for  reHning  platinum  has  lately  been  propositi  by  MM. 
Deville  and  Debray.*     It  consists  in  submitting  the  crude  metal  to 
the  action  of  an  intensely  high  temperature  in  a  crucible  of  linr.e. 
The  apparatus  they  employ  is  as  follows: — The  lower  part  of  the  fur- 
nace consists  of  a  piece  of  lime,  hollowed  out  in  the  centre  to  the 
depth  of  about  a  quarter  of  an  inch ;  a  small  notch  is  filed  at  one 
side  of  this  basin  through  which  the  metal  is  introduced  and  poured 
out.     A  cover  made  of  another  piece  of  lime  fits  on  the  top  of  this 
basin :  it  is  also  hollowed  to  a  small  extent,  and  has  a  conical  perfora- 
tion at  the  top,  into  which  is  adapted  the  nozzle  of  an  oxy-hydrogen 
blowpipe.     The  whole  arrangement  is  fiimly  bound  with  iron  wire. 
To  use  the  apparatus  the  stopcock  supplying  the  hydrogen  (or  coal  gas) 
is  opened  and  the  gas  lighted  at  the  notch  in  the  crucible :  the  oxygen 
is  then  gradually  supplied ;  and  when  the  furnace  is  sufficiently  hot 
the  metsd  is  introduced  in  small  pieces  through  the  orifice.     By  this 
arrai^ment  as  much  as  50  pounds  of  platinum  and  more  may  be  fused 
at  once.     All  the  impurities  in  the  platinum,  except  the  iridium  and 
rhodium,  are  separated  in  this  manner:  the  gold  and  palladium  are 
volatilized,  the  sulphur,  phosphorus,  arsenic,  and  osmium,  oxidized  and 
Tolatilized,  and  the  iron  and  copper  oxidized  and  absorbed  by  the  lime 
of  the  crucible. 

PUtinnm  is  in  point  of  colour  a  little  whiter  tiian  iron :  it  is  exceed- 
ingly malleable  and  ductile,  both  hot  and  cold,  and  is  very  infusible, 
melting  only  before  the  oxy-hydrogen  blowpipe,  or  in  the  powerful 
bbst  furnace  just  described.  It  is  the  heaviest  substance  known,  its 
specific  gravity  being  21*5.  Itl either  air,  moisture,  nor  the  ordinary 
adds  attack  platinum  in  the  slightest  degree  at  any  temperature ;  hence 
its  great  value  in  the  construction  of  chemical  venels.  It  is  dissolved 
by  aqua  regia^  and  superficially  oxidized  by  fused  hydrate  of  potassa, 
which  enters  into  combination  with  the  oxide. 
The  remarkable  property  of  the  spongy  metal  to  determine  the 
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union  of  oxygen  and  hydrogen  has  been  almdy  noticed.  There  if  t 
still  more  curious  state  in  which  platinum  can  be  obtained,  that  of 
platmum-black,  where  the  diriaion  is  carried  much  further.  It  is 
easily  prepared  by  boiling  a  solution  of  bichloride  of  platinum  to  which 
an  excess  of  carbonate  of  soda  and  a  quantity  of  sugar  have  been  added, 
nntil  the  precipitate  formed  after  a  little  time  becmnes  perfectly  bbu^, 
and  the  supernatant  liquid  colourless.  The  black  powder  is  collected 
on  a  filter,  washed,  and  dried  by  gentle  heat.  This  substance  appears 
to  pomess  the  property  of  condensing  gases,  more  especially  oxygen,  into 
its  pores  to  a  yery  great  extent :  when  placed  in  contact  with  a  solution 
of  formic  add,  it  oonverts  the  latter,  with  copious  efferreacence,  into 
carbonic  add :  alcohol,  dropped  upon  the  platinum-black,  becomes 
changed  by  oxidation  to  acetic  add,  the  rise  of  temperature  bdng  often 
sufficiently  great  to  cause  inflammation.  When  exposed  to  a  red-heat, 
the  black  substance  shrinks  in  volume,  assumes  the  appearance  of  com- 
mon 8|)ongy  platinum,  and  loses  these  peculiarities,  which  are  no  doubt 
the  result  of  its  excessively-comminuted  state.  Platinum  forma  two 
compounds  with  oxjpn,  chlorine,  &c.  The  equivalent  of  platinum  m 
98-7.     Its  symbol  is  Pt. 

Protoxide  of  platinum,  PtO. — ^When  protochloride  of  pUtinum 
is  digested  with  caustic  potana,  a  black  powder,  soluble  in  excess  of 
alkali,  is  produced :  this  is  the  protoxide.  It  is  soluble  in  acids  with 
brown  colour,  and  tlie  solutions  are  not  predpitated  by  sal-ammoniac. 
When  binoxide  of  platinum  is  heated  with  solution  of  oxalic  add,  it 
is  reduced  to  protoxide,  which  remains  dissolved,  llie  liquid  has  a 
dark -blue  colour,  and  deposits  fine  copper-red  needles  of  oxalate  of  the 
protoxide  of  platinum. 

Binoxide  of  platinum,  PtO,. — ^This  is  best  prepared  by  adding 
nitrate  of  baryta  to  sulphate  of  the  binoxide  of  platinum :  sulphate  ci 
baryta  and  nitrate  of  the  binoxide  are  produced.  From  the  latter, 
caustic  soda  predpitates  one-half  of  the  binoxide  of  platinum.  The 
sulphate  is  itself  obtained  by  acting  with  strong  nitric  add  upon  the 
bisulphide  of  platinum,  which  falls  as  a  black  powder  when  a  solution 
of  bichloride  is  dropped  into  sulphide  of  potassium.  The  hydrate  of 
the  binoxide  is  a  bulky  brown  powder,  which,  when  gently  heated, 
becomes  black  and  anhydrous.  It  may  also  be  formed  by  boiling 
bichloride  of  platinum  with  a  great  excess  of  caustic  soda,  and  then 
adding  acetic  add.  It  dissolves  in  acids, and  also  combines  with  bases: 
the  salts  have  a  yellow  or  red  tint,  and  a  great  disposition  to  unite  with 
salts  of  the  alkalis  and  alkaline  earths  giving  rise  to  a  series  of  double 
compounds,  which  are  not  precipitated  by  excess  of  alkali.  A  oom* 
bination  of  binoxide  of  platinum  with  ammonia  exists,  which  is 
explosive.  Both  oxides  of  platinum  are  reduced  to  the  metallic  state 
by  ignition. 

Protochloride  or  platinum,  PtCl.— The  protochloride  is  pro- 
duced if  bichloride  of  platinum,  dried  and  powdered,  be  exposed  for 
some  time  to  a  heat  of  400^  (204°' 5C),  when  half  of  the  chlorme 
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Is  expelled ;  alJBO,  when  snlpharoiu  add  is  passed  into  a  solation  of  the 
fakhloride  until  the  latter  ceases  to  give  a  precipitate  with  sal-ammoniac; 
It  is  a  greenish-gra7  powder,  insoluble  in  water,  but  dissolved  by 
hydrochloric  acid.  iThe  latter  solution,  mixed  with  sal-ammoniac  or 
chloride  of  potassium,  deposits  a  double  salt  in  fine  red  prismatic 
crystals  containing,  in  the  last  case,  PtCl+KCl.  The  correspondiDg 
sodium* compound  is  very  soluble  and  difficult  to  crystallize.  The  pro- 
tochloride  ia  decomposed  by  heat  into  chlorine  and  metallic  platinum. 

BioHLOieiDE  OR  pehcuijOride  of  platinum,  PtClj. — This  suIh 
stance  is  always  formed  when  platinum  is  dissolved  in  nitro-hydro- 
chioric  add.  The  add  solution  yields  on  evaporation  to  dryness  a  red 
or  brown  residue,  deliquescent,  and  very  soluble  both  in  water  and 
alcohol;  the  aqueous  solution  has  a  pure  orange-yellow  tint.  Bichlo- 
ride of  platinum  combines  to  double  salts  with  a  great  variety  of 
metallic  chlorides ;  the  most  important  of  these  compounds  are  those 
containing  the  metals  of  the  alkalis  and  ammonium.  Bichloride  of 
platinwn  and  chloride  of  potaamanj  PtCl,,  KCl,  form  a  bright  yellow 
crystalline  precipitate,  being  produced  whenever  solutions  of  the  chlo- 
rides of  platinam  and  of  potassium  are  mixed,  or  a  salt  of  potassa, 
mixed  with  a  little  hydrochloric  add,  added  to  bichloride  of  platinum. 
It  is  feebly  soluble  in  water,  still  less  soluble  in  dilute  alcohol,  and  is 
decomposed  with  some  difficulty  by  heat.  It  is  readily  reduced  by 
hydrogen  at  a  high  temperature,  furnishing  a  mixture  of  chloride  of 
potsasiam  and  platinum-black :  the  latter  substance  may  thus,  indeed, 
be  very  easily  prepared.  The  sodiwrtnsali,  PtCl„NaC14-6HO,  is 
very  soluble*  crystallizing  in  large,  transparent,  yellow-red  prisms  of 
pat  beauty.  The  ammonio-^hloride  of  platinum,  PtCljjNH^Cl,  is 
indistinguishable,  in  physical  characters,  from  the  potassium-salt :  it  is 
thrown  down  as  a  predpitate  of  small,  transparent,  yellow,  octahedral 
crystals  when  sal-ammoniac  is  mixed  with  chloride  of  platinum :  it  is 
but  feebly  soluble  in  water,  still  le»  so  in  dilute  alcohol,  and  is  decom- 
poied  by  heat,  yielding  spongy  phitinum,  while  sal-ammoniac,  hydro- 
chloric^ add,  and  nitrogen  are  driven  off.  Compounds  of  platinum  with 
iodine,  bromine,  sulphur,  and  phosphorus  have  been  formed,  but  are 
comparatively  unimportant. 

Some  very  extraoidinary  compounds  have  been  derived  from  the  pro- 
toxide of  platinum. 

When  ammonia  in  excess  is  added  to  a  hot  solution  of  the  protochlo-* 
ride  of  platinum  in  hydrochloric  acid,  a  green  crystalline  salt  separates 
a^r  a  time,  which  is  quite  insoluble  in  water,  but  is  not  afl'ected  by 
hydrochloric  or  sulphuric  adds,  ammonia,  or  even  a  boiling-hot  solution 
^  potassa.  This  substance  is  known  as  the  areen  salt  of  Magma,  and 
contains  the  dements  of  protochloride  of  platinum  and  ammonia,  or 
PtCl+NH,. 

\  When  the  above  compound  is  heated  with  concentrated  nitric  acid, 
it  becomes  converted  into  a  white,  granular,  crystalline  powder,  which,- 
<Mi  addition  of  water,  dissolves,  leaving  a  residue  of  metallic  platinunu 
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The  solution  yields  on  standing  small,  brilliant,  coloartess  prisms,  rf 
a  substance  very  soluble  in  water,  containing  the  elements  of  prot^ 
chloride  of  platinum,  ammonia,  nitric  acid,  and  an  additional  equiTateoi 
of  oxygen  ^— 

Pta,N,H^  +  NO,. 

The  platinum  and  chlorine  in  this  curious  body  are  insensible  to  ovfi* 
nary  resgents,  and  ammonia  is  evolved  from  it  only  on  boiling  with 
caustic  alkali :  the  presence  of  nitric  acid  can  be  detected  tmmeiiatelr 
by  gently  heating  a  small  portion  with  copper-filings  and  oil  of  vitrioL 
From  this  substance  a  series  of  salt- like  bodies  can  be  obtained,  some 
of  which  have  been  carefully  studied  by  M.  Groa.  Thus,  when  treated 
with  hydrochloric  acid,  the  nitric  acid  is  wholly  displaced,  and  a  ocmb- 
pound  formed  which  crystallises  in  small,  transparent,  yellowish  octa- 
hedra,  sparingly  soluble  in  boiling  water,  containing  Pt01,K,D/71. 
With  sulphuric  add  it  gives  a  substance  which  crystallizes  in  sdmII, 
slightly  soluble,  colourless  needles,  containing  PtClyN^H^O+SO^ 
The  oxalic  acid  compound  is  white  and  insoluble:  it  contains  PtCi, 
N^H^O-i-CgO,.  Crystallizable  compounds  containing  phoqihoric,  tar- 
taric, citric,  malic,  formic,  and  even  carbonic  adds,  were  obtained  by 
similar  means.  The  substances  have  very  much  the  characters  of  salts 
of  a  compound  base  or  guost-metal  containing  PtCljN^H^,  and  which 
yet  remains  unknown  in  a  separate  state.  M.  Raewsky  has  repeated 
aad  extended  the  observations  of  M.  Gros. 

MM.  Reiset  and  Peyrone  have  also  described  two  other  basic  bodies 
containing  pktinum  in  the  same  remarkable  condition :  these  dider  froRi 
the  preceding  in  lidng  free  from  chlorine. 

Protochloride  of  platinum  put  into  ammonia  becomes  rapidly  cod- 
•  verted  into  a  green  powder,  which,  by  boiling,  slowly  dissolres  ;  the 
solution,  on  evaporation  and  cooling,  furnishes  beautiful  yellowish 
crystals  of  the  chlorine-compound  of  one  of  these  bases,  compounded 
of  platinum  and  the  elements  of  ammonia.  The  crystals  contain 
PtN,HsCl-f  HO.  The  equivalent  of  water  is  easily  expelled  by  heat, 
and  regained  by  absorption  from  the  air.  The  green  salt  of  Magnus, 
boiled  with  ammonia,  yields  the  same  product. 

A  solution  of  this  substance,  mixed  with  nitrate  of  silver,  gives 
chloride  of  silver  and  the  nitrate  of  the  new  base,  which  crystallises 
en  evaporation  in  fine,  white,  transparent  needles,  containing  PtN, 
HgO+NOf.  The  sulphide,  iodide,  and  bromide  are  all  crystallizable. 
Two  carbonates  exist.  By  adding  baryta-water  to  a  solution  of  the 
sulphate,  or  by  treating  the  chloride  with  protoxide  of  silver,  and 
evaporating  the  filtered  liquid  tn  vacuo,  a  white,  crystalline,  deli« 
quesceut  mass  is  obtained,  which  is  the  hydrate  of  the  base  PtN^ 
U«0+HO.  It  is  almost  comparable  in  point  of  alkalmity  with 
potassa  itself,  absorbing  carbonic  add  with  enei^,  and  deoomposmg 
ammoniacal  salti.  When  this  hydrate  is  heated  to  230^  (IKTC),  it 
abandons  water  and  ammonia^  and  leaves  a  grayish,  porous,  insoiubl* 
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mass  oontaining  PtNH,,0.  This  is  probably  «n  isomeric  modificmtion 
of  the  tecoad  Ixue,  whose  salts  are  mentioDed  below. 

When  a  ooltttion  of  the  iodide,  PtN^Hgl,  is  long  boiled,  it  deposits  a 
sparingly-soluble  yellow  powder,  the  compositioa  of  which  is  expressed 
hj  the  formala  FtNH,I :  this  is  the  iodine-oompound  of  a  second  basic 
aqfastanoe,  PtNH,;  and  from  it  by  double  decomposition  a  series  of 
aoalogous  salts  can  be  obtwned.  When  the  iodine-componnd  is  treated 
with  protoxide  of  silrer,  the  base  itself  is  obtained  in  the  form  of  a 
powerful  alkaline  solution.  The  green  salt  of  Magnus  has  the  same 
composition  as  the  chloride  of  this  new  base,  which  is  yellow  and 
soluble  in  boiling  water,  and  may  be  converted  into  it.  The  sails  of 
the  first  base  are  generally  convertible  into  Uiose  of  the  second  by  heat, 
and  the  converse  change  may  also  be  often  effected  by  ebullition  with 
ammonia. 

The  subject  of  the  platinum-bases  appears  to  be  by  no  means 
eihau&ted.  Another  remarkable  basic  compound  containing  am- 
monia and  platinum  has  been  discovered  by  M.  Gerhai*dt.  The 
chloride  of  Reiset's  second  base,  the  compound  PtNHjCl,  when  treated 
with  chlorine,  absorbs  this  element,  and  becomes  converted  into  a 
lemon-yellow  powder,  consisting  of  small  octahedra,  and  having  the 
composition  PtNH,Cl,.  Boiled  with  nitrate  of  silver,  this  subntance 
yields  chloride  of  silver,  and,  aooordinj;  to  the  quantity  of  nitric  add 
present,  a  salt,  PtNH,Oj,  2N0»,  or  PlNH,0„  NOa+SdO.  On  adding 
ammonia  to  liie  latter  nitrate,  a  crystalline  precipitate  takes  place, 
which  consists  of  PtNH,02+2HO.  This  substance,  which  is  slightly 
Soluble  in  water,  may  be  viewed  as  the  hydra  ted  base  existing  in  the 
bichloride  and  in  the  nitrates  previously  described. 


The  bichloride,  or  a  solution  of  binoxide  of  platinum,  can  be  at  once 
'B<^ogni2ed  by  the  yellow  precipitate  with  sal-ammoniac^  decomposable 
by  heat,  witii  production  of  spongy  metal. 

Bichloride  of  platinum  and  the  sodio-chloride  of  platinum  are  em- 
ployed in  analytical  investigations  to  detect  the  presence  of  potassa,  and 
Kparate  it  from  soda.  For  the  latter  purpose,  the  alkaline  salts  are 
converted  into  chlorides,  and  in  this  condition  mixed  with  four  times 
^to  weight  of  sodio-chloride  of  platinum  in  crystals,  the  whole  being 
<iii8olved  m  a  little  water.  When  the  formation  of  the  yellow  salt 
appears  complete,  alcohol  is  added,  and  the  pi^pitate  collected  on  a 
^oghed  filter,  washed  with  weak  spirit,  carefully  dried  and  weighed. 
"^  chloride  of  potassinm  is  then  easily  reckoned  from  the  weight  of 
^  double  salt,  and  this,  subtracted  from  the  weight  of  the  mixed 
^orides  employed,  gives  that  of  the  chloride  of  sodium  by  diflerenoe  ; 
loo  parts  of  potaasio-chloride  of  platinum  correspond  to  30*  507  parts 
<C  chloride  of  potaaiium. 

(^paoles  and  crndbleB  of  platinum  are  of  great  value  to  the  chemist : 
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the  latter  ai-e  coiuitantly  used  in  mineral  aiuJ3rsi8  for  fusing  sdioean 
matter  with  alkaline  carbonates.  They  suffer  no  injury  in  this  opexft- 
tion,  although  the  caustic  alkali  roughens  and  corrodes  the  metal.  The 
experimenter  must  be  particularly  careful  to  avoid  introducinf^  any 
oxide  of  an  easily  fusible  metal,  as  that  of  lead  or  tin,  into  a  plafinnm 
crucible.  If  reduction  should  by  any  means  occur,  these  metals  will 
at  once  alloy  themselves  with  the  platinum,  and  the  vessel  will  be 
destroyed.  A  platinum  crucible  must  never  be  put  naked  into  a  cbar- 
ooal  fii-e,  but  be  always  placed  within  a  covered  earthem  crucibieu 

PALLADTUM. 

The  solution  of  crude  platinum,  from  which  the  greater  part  of  that 
metal  has  been  precipitated  by  sal-ammoniac,  is  neutralized  by  cai^ 
bonate  of  soda,  and  mixed  with  a  solution  of  cyanide  of  mercnry; 
cyanide  of  palladium  separates  as  a  whitish  insoluble  substance,  whids, 
on  beiDg  washed,  diied,  and  heated  to  redness,  yields  metallic  palla- 
dium in  a  spongy  state.  The  palladium  is  then  welded  into  a  mass,  in 
the  same  manner  as  platinum. 

Palladium  closely  corresponds  with  platinum  in  colour  and  appear- 
anoe ;  it  is  also  very  malleable  and  ductile.  In  density  it  diflers 
very  much  from  that  metal,  being  only  11*8.  Palladium  is  metre 
oxidable  than  platinum.  When  heated  to  redness  in  the  air,  especially 
in  the  state  of  sponge,  it  acquires  a  blue  or  purple  superficial  film  of 
oxide,  which  is  again  reduced  at  a  white  heat.  This  metal  is  slowly 
attacked  by  nitric  acid ;  its  best  solvent  is  aqua  r^ia.  There  are  two 
compounds  of  palladium  and  oxygen. 

The  equivalent  of  palladium  is  53*3  ;  its  symbol  is  Pd. 

Protoxide  of  palladium,  PdO. — This  is  obtained  by.  evaporating 
to  dryness,  and  cautiously  heating,  the  solution  of  palladium  in  nitric 
acid.  It  is  black,  and  but  little  soluble  in  acids.  The  hydrate  fidls  as 
a  dark-brown  precipitate  when  carbonate  of  soda  Is  added  to  the  abore 
solution.     It  is  decomposed  by  a  strong  henL 

BiNOXiDE  of  palladium,  PdO,. — The  pure  binoxide  is  very  £ffi- 
cult  to  obtain.  When  solution  of  caustic  potassa  is  poured,  little  by 
little,  with  constant  stirring,  upon  the  double  chloride  of  palladium 
and  potassium  in  a  dry  state,  the  latter  is  converted  into  a  yellowisZi- 
brown  substance,  which  is  the  binoxide,  in  combination  with  wat» 
and  a  little  alkali.     It  is  but  feebly  soluble  in  adds. 

Pkotochloride  of  palladium,  PdCl. — ^The  solution  of  the  metal 
in  aqua  regia  yields  this  substance  when  evaporated  to  dryness.  It  is 
a  dark-brown  mass,  soluble  in  water  when  the  heat  has  not  been  too 
great,  and  forms  double  salts  with  many  metallic  chlorides.  The 
potassio-  and  ammonio-chlorides  of  palladium  are  much  more  soluble 
than  those  of  platinum :  they  have  a  brownish-yellow  tint.*     Proto* 

•  Chloride  of  palladium  ftimiBhes  with  ammonia  results  slmflar  to  tftose 
obtained  with  chloride  of  platinum.    By  mixing  a  tolerably  oonoratrated  solo- 
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cUoride  (or  protonitrate)  of  palladium  completely  precipitates  the 
iodine  from  its  metallic  compoands  as  black  protoiodide  of  palla- 
dJum.  Palladium  salts  are  therefore  employed  for  the  quantitative 
estimation  of  iodine,  cbloi-ine  and  bromine  not  being  precipitated  by 
tbem. 

Bichloride  of  palladium  only  exists  in  solution,  and  in  combi* 
natioQ  with  the  alkaline  chlorides.  It  is  formed  when  the  proto- 
chloride  of  palladium  is  digetsted  in  aqua  regia.  The  solution  has  an 
intoisely-brown  colour,  and  is  decomposed  by  evaporation.  Mixed  with 
diloride  of  potassium  or  sal-ammoniac,  it  gives  rise  to  a  red  crystalline 
precipitate,  which  is  but  little  soluble  in  water. 

A  sulphide  of  paUadiumf  PdS,  is  formed  by  fusing  the  metal  with 
snlphur,  or  by  prtfcipitating  a  solution  of  protochloride  by  sulphuretted 
hydrogen. 

A  palladium-«alt  is  well  marked  by  the  pale  yellowiah-white  preci- 
pitate with  solution  of  cyanide  of  mercury,  convertible  by  heat  into 
the  spongy  metal.  This  precipitate  is  a  double  salt,  having  the  for- 
mula PdCy,HgCy30. 

Palladium  is  readily  alloyed  with  other  metals,  as  copper :  one  of 
these  compounds,  namely,  the  alloy  with  silver,  has  been  applied  to 
i^ul  purposes.  An  amalgam  of  palladium  is  now  extensively  used 
by  dentists  for  stopping  teeth. 

A  native  alloy  of  gold  with  palladium  is  found  in  the  Brazils,  and 
imported  into  England, 

RHODiniC, 

The  solution  from  which  platinum  and  palladium  have  been  sepa« 
>^ed  in  the  manner  descinbed  is  mixed  with  hydrochloric  acid,  and 
evaporated  to  dryness.  The  residue  is  treated  with  alcohol  of  specific 
gravity  0*837,  which  dissolves  everything  except  the  double  chloride 
of  rhodium  and   sodium.     This  is  well  washed  with  spirit,  dried, 


^  of  chloride  of  palladium  with  small  excess  of  ammonia,  a  oomponnd  is 
ranned  oontaioing  PdQ  +  SH*.  When  this  substance  Is  heated,  moist  to  212* 
(KKTC),  dry  to  392"  (200*C}.  it  is  changed  into  another  body,  which  dlasolves 
™^Qte  caustic  potassa  without  evolving  ammonia;  out  of  this  substance 
APdHg,Cl,  H.  MliUer  has  separated  the  base  palladamine.  A  salt  of  palladamlue 
H  fomted  when  chloride  of  palladium  is  precipitated  by  ammonia,  the  precipitate 
2|||K>lved  In  excess  of  ammonia,  anil*the  solution  neutrally^  with  hydrochloric 
^d.  The  chloride  of  palladamine.  thus  produced,  fonns  a  yellow  cryBtalUno 
in^igtate.  Oxide  of  palladammonium.  NPdHs.O,  may  be  obtained  Irom  the 
2|J|°|ride  by  oxide  of  sOver.  The  carbomtte.  sulphate,  niUrate,  sulphide,  iodide, 
°n>mlde, aud  chloride  of  palladamine  have  been  formed.  H.  MUUer  also  obtataied 
f*^>ther  compound  by  excess  of  ammonia,  to  which  he  givea  the  name  of  paU 
^'I'iiwnlne;  It  oontains  NiPdHft. 
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heated  to  whitenesB,  and  then  boiled  with  water ;  chloride  of  flodian 
is  dissolved  oat,  and  metallic  rhodium  remains.  Thus  obtained, 
rhodium  is  a  white,  coherent,  spongy  mass,  which  is  more  inftisiUt 
and  less  capable  of  being  welded  than  piatinom.  Its  spediie  gFaritj 
varies  from  10*6  to  11. 

Rhodium  is  very  brittle :  reduced  to  powder  and  heated  in  the  air,  it 
becomes  oxidized,  and  the  same  alteration  happens  to  a  greater  extent 
when  it  is  fused  with  nitrate  or  bisulphate  of  potana.  None  of  the 
acids,  singly  or  conjoined,  dissolve  this  metal,  unless  it  be  in  the  state 
of  alloy,  as  with  platinum,  in  which  state  it  is  attacked  by  aqua  regia. 

The  equivalent  of  rhodium  is  52* 2  ;  its  symbol  is  R.    - 

Protoxide  of  rhodium,  RO,  is  obtained  by  roosting  Sndj- 
dividod  metallic  rhodium.     It  is  but  little  known. 

Sesquioxide  of  bhodium,  R,0,.— Finely-powdered  metallic  rho- 
dium is  heated  in  a  silver  crucible  with  a  mixture  of  hydrate  of  potassa 
and  nitre :  the  fused  mass  boiled  with  water  leaves  a  dark-brown  in- 
H>luble  substance,  consisting  of  sesquioxide  of  rhodium  in  miion  with 
]K)ta8sa.  This  is  digested  with  hydrochloric  acid,  which  removes  the 
potassR,  and  leaves  a  greenish-gray  hydrate  of  the  sesquioxide  of  rho- 
dium, insoluble  in  acids.  A  soluble  modification  of  the  same  substance, 
retaining,  however,  a  portion  of  alkali,  may  be  obtained  by  adding  an 
exiess  of  carbonate  of  potassa  to  the  double  chloride  of  rhodium  and 
potassium,  and  evaporating. 

SEaQUiCHiX)RinE  OF  RHODIUM,  R,C1,. — ^The  pure  sesqnichloride  is 
prepared  by  adding  hydrofluosilidc  acid  to  the  double  >  chloride  of 
rhodium  and  potassium,  evaporating  the  filtered  solution  to  dryness, 
and  dissolving  the  residue  in  water.  It  forms  a  brownish-red  deli- 
quescent mass,  soluble  in  water,  with  a  fine  red  colour.  It  is  deoom- 
jjosed  by  heat  into  chlorine  and  metallic  rhodium.  The  chloride  of 
rhodUwn  and  potasBtum,  R,Cl,-f-2KCl-|-2HO,  is  prepared  by  heating 
in  a  stieam  of  chlorine  a  mixture  of  equal  parts  of  finely-powdered 
rhodium  and  chloride  of  potassium.  The  salt  has  a  fine  red  oolouTy 
is  soluble  in  water,  and  crystallizes  in  44ided  prisms.  Chloride  of 
rhodium  and  sodium  is  also  a  very  beautiful  red  salt,  obtained  by  a 
similar  process;  it  contains  R,CI,+3NaCl-ht8HO.  The  chloride  of 
rhodium  and  ammonium  resembles  the  potassium  compound. 

Sulphate  of  rhodium,  R,0^3S0,.~The  sulphide  of  rhodium, 
obtaiued  by  precipitating  one  of  the  salts  by  a  soluble  sulphide,  is 
oxidized  by  strong  nitric  acid.  The  product  is  a  brown  powder, 
nearly  insoluble  in  nitric  acid,  but  dissolved  by  water;  it  cannot  be 
made  to  ciTstallize.  Sulphate  of  rhodium  and  potassiwn  is  pro- 
duced when  metallic  rhodium  is  strongly  heated  with  bisulphate  of 
potassa.     It  is  a  yellow  salt,  slowly  soluble  in  cold  water. 


An  alloy  of  steel  with  a  small  quantity  of  rhodium  is  said  to 
exti-cmely  valuable  properties. 
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When  crude  platinum  is  dissolved  in  cu]ua  regia,  a  small  quantity  of 
a  graj  scaly  imtallic  substance  usually  remains  behind,  having  alto- 
gether resisted  the  action  of  the  acid  ;  this  is  a  native  alloy  of  iridium 
and  osmium;  it  is  reduced  to  powder,  mixed  with  an  equal  weight  of 
dry  chloride  of  sodium,  and  heated  to  redness  in  a  glass  tube,  through 
which  a  stream  of  moist  chlorine  gas  is  transmitted.  The  furtiier 
extremity  of  the  tube  is  connected  with  a  receiver  containing  solution 
of  ammonia.  The  gas,  under  these  circumstances,  is  rapidly  absorbed, 
chloride  of  iridium  and  chloride  of  osmium  being'produced :  the  former 
remains  in  combination  with  the  chloride  of  sodium  ;  the  latter,  being 
ft  volatile  substance,  is  carried  forward  into  the  i-eceiv<nr,  where  it  is 
decomposed  by  the  water  into  osmic  and  hydrochloric  adds,  which  com- 
bine with  the  alkali.  The  contents  of  the  tube  when  cold  are  ti'eated 
with  water,  by  which  tlie  double  chloride  of  iridium  and  sodium  is  dis- 
solved out :  this  is  mixed  with  an  excess  of  carbonate  of  soda,  and 
evaporated  to  drynera.  The  residue  Is  ignited  in  a  crucible,  boiled  with 
water,  and  dried;  it  then  consists  of  a  mixture  of  sesquioxide  of  iron, 
and  a  combination  of  oxide  of  iridium  with  soda :  it  is  reduced  by 
hydrogen  at  a  high  temperature,  and  treated  successively  with  water 
and  strong  hydrochloric  acid,  by  which  the  alkali  and  the  iron  are  re- 
moved, while  metallic  iridium  is  lefl  in  a  divided  state.  By  strong 
pressure  and  exposure  to  a  white  heat^  a  cei'tain  d^ree  of  compactness 
may  be  communicated  to  the  metal. 

Iridium  is  a  white  brittle  metal,  fusible  with  great  difficulty  before 
the  oxy-hydrogen  blowpipe.  It  is  not  attacked  by  an  acid,  but  is 
oxidized  by  fusion  with  nitre,  and  by  ignition  to  redness  in  the  air. 

The  equivalent  of  iridium  is  99.    Its  symbol  is  Ir. 

Oxides  of  iridium. — Four  of  these  compounds  are  described. 
Protoxide  of  iridium,  IrO,  is  prepared  by  adding  caustic  alkali  to  the 
protochloride,  and  digesting  the  precipitate  in  an  acid.  It  is  a  heavy 
black  powder,  insoluble  in  acids.  It  may  be  had  in  the  state  of  hy- 
drate by  precipitating  the  protochloride  of  iridium  and  sodium  by 
caustic  potassa.  The  hydrate  is  soluble  in  acids  with  dirty  green 
colour.  Sesquioxide,  IrjO,,  is  produced  when  iridium  is  heated  in  the 
air,  or  with  nitre :  it  is  best  prepared  by  fusing  in  a  silver  crucible  a 
mixture  of  carbonate  of  potassa  and  the  tercnloride  of  iridium  and 
potassium,  and  boiling  the  product  w^ith  water.  This  oxide  is  bluish- 
black,  and  is  quite  insoluble  in  acids.  It  is  reduced  by  combustible 
substances  with  explosion.  JBinoxide  of  v-idiumj  IrO,,  is  unknown  in 
a  separate  state ;  it  is  supposed  to  exist  in  the  sulphate,  produced  when 
the  sulphide  is  oxidized  by  nitric  acid.  A  solution  of  sulphate  heated 
with  excess  of  alkali  evolves  oxygen  gas,  and  deposits  sesquioxide  of 
iridium.  Teroxide  of  iridium,  IrO,,  is  pi'oduced  when  carbonate  of 
potassa  is  gently  heated  with  the  terchloride  of  iridium ;  it  forms  a 
grayish-yelbw  hydrate,  which  contains  alkali. 
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Chlorides  op  iridium. — Pntochloride,  IiCl,  is  formed  wfacn  the 
metal  k  broagfat  into  otnUct  with  chlorine  at  a  doll  red-heat :  it  is  a 
dark  olire-green  insoluble  powder.  It  is  dissolved  hj  fajdrodilorie 
add,  and  forms  doable  salts  with  the  alkaline  chloriiles,  which  hare 
a  green  colour.  The  sesquichloridt,  Ir^Cl^  is  prepared  bj  stnmglf 
heating  iridium  with  nitre ;  adding  water  and  enough  nitric  add  to 
saturate  the  alkali,  wanning  the  mixture,  and  then  dissolrii^  the  pre- 
dpitated  hydrate  of  the  sesquioxide  in  hydrochloric  add,  it  forms  a  dark 
jellowi^b-brown  solution.  This  substance  combines  with  metallic 
chlorides.  BidUoride  of  iridium  is  obtained  in  solutioo  br  adding 
b  jdrofiiiosilidc  add  to  the  bichloride  of  iridium  and  potasaum,  formed 
when  chlorine  is  passed  over  a  heated  mixture  of  iridium  and  chloride 
of  potassium.  It  forms  with  metallic  dilorides  a  number  of  doaUe 
salts,  which  resemble  the  platinum-oompounds  of  the  »me  oider. 
Terchioride  cf  iridium,  IiO,,  is  unknown  in  a  separate  state.  Ter- 
ddoride  of  iridium  and  potassium  is  obtained  by  heating  iridium  with 
nitre,  and  then  diasolving  the  whole  in  aqwa  regia^  and  eraporatii^  to 
dryness.  The  excess  of  chloride  of  potassium  may  be  t^xtracted  by  a 
small  quantity  of  water.  The  crystallized  salt  has  a  beautiful  red 
colour.  The  variety  of  tints  exhibited  by  the  di&rent  soluble  com- 
pounds of  iridium  is  very  remarkable,  and  suggested  the  name  of  the 
metal  from  the  word  tris. 

Platinum,  palladium,  and  iridium  combine  with  carbon  when  heated 
In  the  flame  of  a  spirit-lamp :  they  acquire  a  covering  of  soot,  whi<^, 
when  burned,  leaves  a  kind  of  skel^on  of  spongy  metal. 

RUTHENIUM. 

M .  Claus  has  described  under  this  name  a  new  metal  contained  in 
the  residue  from  crude  platinum,  insoluble  in  aqua  regia.  It  cloedy 
resembles  iridium  in  its  general  characters,  but  yet  possesses  distinctive 
features  of  its  own.  It  was  obtained  in  the  form  of  small  angular 
msLhsefi,  with  perfect  metallic  lustre,  very  brittle  and  infusible.  Its 
specitic  gravity  is  8*6.  It  resists  the  action  of  acids,  but  oxidizes 
readily  when  heated  in  the  air. 

The  equivalent  of  ruthenium  is  52*  2,  and  its  symbol  Ru. 

Oxides  op  ruthenium. — Protoxide  of  ruthenium,  KuO,  is  a  gray- 
ish black  metallic-looking  powder,  obtained  by  heating  bichloride  of 
ruthenium  with  excess  of  carbonate  of  soda  in  a  stresm  of  carbonic  acid 
gas,  and  then  washing  away  the  soluble  saline  matter.  It  is  insoluble 
in  acids.  The  sesquuucide,  Ru,0,i  in  the  anhydrous  condition,  is  a 
bluish-black  powder  formed  by  heating  the  metal  in  the  air.  It  is  also 
precipitated  by  alkalis  from  the  sesquirhloride  as  a  blackish-brown 
hydrate,  soluble  in  adds  with  orange-yellow  colour.  The  6tfioxi<^, 
KuOf,  is  a  deep-blue  powder,  procured  by  roasting  the  bisulphide.  A 
hydrate  of  this  oxide  is  known  in  an  impure  condition.  An  aciii  of 
ruthenium  is  also  supposed  to  exist. 
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8g$quichhnde  of  ruthmiumy  RujCl,,  is  an  orange-yellow  soluble  salt 
of  astringent  taste ;  when  the  solution  is  heated  it  becoma  green  and 
finally  blue,  by  reduction,  in  all  probability,  to  protochioride.  Ses- 
quichloride  of  ruthenium  forms  double  salts  with  the  chlorides  of 
potassium  and  ammcmium. 

OSMIUM. 

The  solution  of  osmic  acid  in  ammonia,  already  mentioned,  is  gently 
heated  for  some  time  in  a  loosely-stopped  vessel ;  its  original  yellow 
colour  becomes  darker,  and  at  length  a  brown  .precipitate  falls,  which 
is  a  combination  of  sesquiozide  of  osmium  with  ammonia ;  it  results 
from  the  reduction  of  the  osmic  acid  by  the  hydrogen  of  the  volatile 
alkali.  A  little  of  the  precipitate  is  held  in  solution  by  the  sal-ammo- 
niac, but  may  be  recovered  by  heating  the  clear  liquid  with  caustic 
potassa.  The  brown  substance  is  dissolved  in  hydrochloric  add  a 
little  chloride  of  ammonium  is  added,  and  the  whole  evaporated  to  dry- 
ness. The  residue  is  strongly  heated  in  a  small  porcelain  retort ;  tlie 
oxygen  of  the  oxide  combines  with  hydrogen  from  the  ammonia,  vapour 
of  water,  hydrochloric  acid,  and  sal-ammoniac  are  expelled,  and  osmium 
left  behind,  as  a  grayish  porous  mass,  having  metallic  lustre. 

In  the  most  compact  state  in  which  this  metal  can  be  obtained,  it 
has  a  bluish-white  colour,  and  although  somewhat  flexible  in  thin 
plates,  is  yet  easily  reduced  to  powder.  Its  specific  gravity  is  10 ;  it 
is  neither  fusible  nor  volatile.  It  bums  when  heated  to  redness, 
yielding  osmic  acid,  which  volatilizes.  Osmate  of  potassa  is  produced 
when  the  metal  is  fused  with  niti*e.  When  in  a  finely-divided  state,  it 
is  oxidized  by  strong  nitric  add. 

The  equivalent  of  osmium  is  99*6  ;  its  symbol  is  Os. 

Oxides  of  osmium. — Five  compounds  of  osmium  with  oxygen  are 
known.  Protoxide,  OsO,  is  obtained  in  combination  with  a  little 
alkali,  when  caustic  potassa  is  added  to  a  solution  of  protochioride  of 
osmium  and  potassium.  It  is  a  dark-green  powder,  slowly  soluble 
in  acids.  Sesquioxtde,  0^0,,  has  already  been  noticed;  it  is  gene- 
rated by  the  deoxidation  of  osmate  of  ammonia ;  it  is  black,  and  but 
little  soluble  in  acids.  It  always  contains  ammonia,  and  explodes 
feebly  when  heated.  Binoxide  of  osmium,  OsO,,  is  prepared  by 
strongly  heating  in  a  retort  a  mixture  of  carbonate  of  soda  and  of  the 
bicliloride  of  osmium  and  potassium,  and  treating  the  residue  with 
water,  and  afterwards  with  hydrochloric  acid.  The  binoxide  is  a 
black  powder,  insoluble  in  adds,  and  burning  to  osmic  acid  when 
heated  in  the  air.  Osmions  acid,  OsO„  is  known  only  in  combination. 
On  adding  alcohol  to  »  solution  of  osmate  of  potassa,  the  alcohol  is 
oxidized  at  the  expense  of  the  osmic  add,  and  a  rose-red  crystalline 
powder  of  osmite  of  potassa  is  produced.  On  attempting  to  separate 
tlie  acid  it  is  decomposed  into  the  binoxide  and  osmic  add.  Osmic 
acid^  OsOf,  is  by  far  the  most  important  and  interesting  of  the  oxides 
of  this  metal.    It  is  prepared  by  heating  osmium  in  a  current  of  pure 
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oxygen  gas ;  it  oondensei  in  the  cool  part  of  the  tnbe  in  which  the 
experiment  is  made  in  colourless  transparent  crystals.  Osmic  add 
melts  and  even  boils  below  212°  (100°C) :  its  vapour  has  a  pecttQarlf 
offensive  odour,  and  is  exceedingly  irritating  and  dangerous.  Water 
slowly  dissolves  tiiis  substance.  It  has  acid  properties,  and  comfauies 
with  bases.  Kearly  all  the  metals  precipitate  osmium  from  a  solution 
of  osmic  acid.  By  the  action  of  ammonia  on  osmic  acid,  a  new  add 
has  been  formed,  containing  osmium,  nitrogen,  and  oxygen:  it  has 
been  called  osman-osmic  acid  or  osmamic  acid.  Some  doabts  exist 
respecting  the  formula  of  this  substance.  It  prodnoes  salts  with  many 
bases. 

Chlorides  of  osmium. — Protochlonde,  OsCl,  is  a  dark-^^reen  crys- 
talline substance,  formed  by  gently  heating  osmium  in  chlorine  gas. 
It  is  soluble  in  a  small  quantity  of  \7ater,  with  green  colour,  bat 
decomposed  by  a  lai^  quantity  into  osmic  and  hydrochloric  adds  and 
metallic  osmium.  It  forms  double  salts  with  the  metallic  chlorides. 
The  sesquichloridef  Os^Clj,  has  not  been  isolated ;  it  exists  in  the  solu- 
tion obtained  by  dissolving  the  sesquioxide  in  hydrochloric  acid.  Bi- 
chloride,  OsCl,,  in  combination  with  chloride  of  potassium,  is  produced 
when  a  mixture  of  equal  parts  of  metallic  osmium  and  the  last-named 
salt  is  strongly  heated  in  chlorine  gas.  It  forms  fine  red  octahedial 
crystals,  containing  OsClj+KCL 

Osmium  combines  also  with  sulphur  and  with  phosphoms. 


PART  III. 

ORGANIC   CHEMISTRY. 


INTBODUOnON. 

Organic  substances,  whether  directly  derived  from  the  vegetable 
or  animal  kingdom,  or  produced  by  the  subsequent  modification  of 
bodies  which  thus  originate,  are  remarkable  as  a  class  for  a  degree  of 
complexity  of  constitution  far  exceeding  that  observed  in  any  of  the 
compounds  yet  described.  And  yet  the  number  of  elements  which 
enter  into  the  composition  of  these  substances  is  extremely  limited ; 
very  few,  comparatively  speaking,  contam  more  than  four,  viz.,  carbon, 
hydrogen,  oxygen,  and  nitrogoi ;  sulphur  and  phosphorus  are  occa- 
sionally associated  with  these  in  certain  natural  products ;  and  com- 
pounds containing  chlorine,  bromine,  iodine,  arsenic,  antimony,  zinc, 
&a,  have  been  formed  by  artificial  means.  This  paucity  of  elementary 
bodies  is  compensated  by  the  very  peculiar  and  extraordinary  properties 
of  the  four  first-mentioned,  which  possess  capabilities  of  combination  to 
which  the  remaining  elements  are  strangers.  There  appears  to  be 
absolutely  no  limit  to  the  number  of  definite,  and  often  crystallizable, 
substances  which  can  be  thus  generated,  each  marked  by  a  perfect  indi- 
viduality of  its  own. 

The  mode  of  association  of  the  elements  of  organic  substances  is  in 
general  altogether  different  from  that  so  obvious  in  the  other  division 
of  the  science.  The  latter  is  invariably  characterized  by  what  may  be 
termed  a  binary  plan  of  combination,  union  taking  place  between  pairs 
of  elements,  and  the  compounds  so  produced  again  uniting  themselves 
to  other  compound  bodies  in  the  same  manner.  Thus,  copper  and 
oxygen  combine  to  oxide  of  copper,  potassium  and  oxygen  to  potassa, 
sulphur  and  oxygen  to  sulphuric  acid ;  sulphuric  acid,  in  its  turn,  com- 
bines both  with  oxide  of  copper  and  oxide  of  potasdum,  generating  a 
pair  of  salts,  which  are  again  capable  of  uniting  to  form  the  double 
compound,  CuO,  SO,+  KO,SO,. 

The  most  complicated  products  of  inorganic  chemistry  may  be  thus 
shown  to  be  built  up  by  this  repeated  pairing  on  the  pait  of  their  con- 
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gtitnoits.  With  organic  bodies,  however,  the  caae  is  strikiDgly  differ- 
ent; no  such  arrangement  can  here  be  traced.  In  sugar,  Gj,  H,|  On, 
or  morphine,  Cj^HifNOe,  or  the  radical  of  bitter-almond  oilyCi^HfO,, 
and  a  multitude  of  similar  cases,  the  elemmts  concerned  are,  as  it 
were,  bound  up  together  into  a  single  whole,  which  can  enter  into 
combination  with  oSier  substances,  and  be  thence  disengaged  with  pio- 
perties  unaltered. 

A  curious  consequence  of  this  peculiarity  is  to  be  found  in  the  oom- 
paratively  instable  character  of  organic  compounds,  and  their  general 
proneness  to  decomposition  and  change,  when  the  balance  of  opposing 
foroes,  to  which  they  owe  their  existence,  becomes  deranged  by  some 
external  cause. 

If  a  complex  inorganic  substance  be  attentively  considered,  it  will 
usually  be  found  that  the  elements  are  combined  in  such  a  manner  as 
to  satisfy  tiie  most  powerful  affinities,  and  to  give  rise  to  a  state  of 
very  considerable  permanence  and  durability.  But  in  the  case  of  an 
organic  substance,  containing  three  or  four  elements  associated  in  the 
way  described,  this  is  very  far  from  being  true :  the  carbon  and  oxj^csi 
strongly  tend  to  unite  to  form  carbonic  acid ;  the  hydrogen  and  oxygen 
attract  each  other  in  a  powerful  manner ;  and  the  nitrogen*  if  that 
body  be  present,  also  contributes  its  share  to  these  intemil  sources  of 
weaimess  by  its  disposition  to  generate  ammonia.  While  the  opposing 
forces  remain  exactly  balanced,  the  integrity  of  the  compound  is  pane- 
served ;  but  the  moment  one  of  them,  from  some  accidental  cause,  ac- 
quires preponderance  over  the  rest,  equilibrium  is  destroyed,  Bnd  the 
oi^;anic  principle  breaks  up  into  two  or  more  new  bodies  of  simplor  and 
more  permanent  constitution.  The  agency  of  heat  produces  this  effect 
by  exalting  the  attraction  of  oxygen  for  hydrogen  and  carbon ;  hence 
the  almost  universal  destnictibility  of  organic  substances  by  a  high 
temperature.  Mere  molecular  disturbance  of  any  kind  may  cause  de- 
struction when  the  instability  is  very  great. 

As  a  general  rule,  it  may  be  assumed  that  those  bodies  which  are 
most  complex  from  the  number  of  elements,  and  the  want  of  simplicity 
in  their  equivalent  relations,  are  by  constitution  weakest,  and  least 
capable  of  resisting  the  action  of  disturbing  foroes ;  and  that  this  sus- 
ceptibility of  change  diminishes  with  increased  simplicity  of  structure, 
until  it  reaches  its  minimum  in  those  bodies  which,  like  the  carbides 
of  hydrogen,  like  cyanogen,  and  oxalic  acid,  connect,  by  imperceptible 
gradations,  the  organic  and  the  mineral  departments  of  chemical 
science. 

The  definite  organic  principles  of  the  vegetable  and  animal  kingdoms 
form  but  a  very  small  proportion  of  the  immense  mass  of  compounds 
included  within  the  domain  of  organic  chemistry :  by  far  the  greater 
number  of  these  are  produced  by  modifying  by  suitable  means  the 
bodies  furnished  by  the  plant  or  the  animal,  and  which  have  them- 
selves been  formed  fiom  the  elements  of  the  air  by  processes  for  the 
most  port  unknown,  carried  on  under  the  control  of  vitality.     Unlike 
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tfa^e  latter,  the  artificial  modificatioDs  refieired  to,  by  oiidati<»iy  by  the 
action  of  other  powerful  reagents,  by  the  influence  of  heat,  and  by 
numerous  other  sources  of  disturbance,  are,  for  the  most  part,  changes 
of  descent  in  order  of  complexity,  new  products  being  thus  generated 
more  simple  in  constitution  and  more  stable  in  character  than  the 
bodies  from  which  they  were  derived.  These,  in  turn,  by  a  repetition 
of  such  treatment  under  perhaps  varied  circumstances^  may  be  broken 
tip  into  other  and  still  simpler  organic  combinations ;  until  at  length 
the  binaiy  compounds  of  inorganic  chemistry,  or  bodies  so  allied  to  them 
that  they  may  be  placed  indifferently  in  either  group,  are  by  such  means 
reached. 

Organic  substituHon-producta :  Law  of  Substitution, — The  study  of 
the  action  of  chlorine,  bromine,  iodine,  and  nitric  acid,  upon  various 
organic  substances,  has  led  to  the  discovery  of  a  very  remarkable  law 
r^ulating  the  formation  of  chlorinetted  and  other  analogous  compounds, 
which,  without  being  of  necessity  absolute  in  every  case,  is  yet  of 
sufficient  generality  and  importance  to  require  careful  consideration. 
This  peculiar  mode  of  action  consists  in  the  replacement  of  the  hydro- 
gen of  the  organic  substance  by  chlorine,  bromine,  iodine,  the 
elements  of  hyponitric  acid,  and  often  also  other  substances  equi- 
valent for  equivalent,  without  the  destruction  of  the  primitive  type 
or  constitution  of  the  compound  so  modified.  The  hydrogen  thus 
removed  takes,  of  course,  the  form  of  hydrochloric  or  hydrobromic  acid, 
&c.,  or  that  of  water,  by  combination  with  another  portion  of  the 
active  body.  Strange  as  it  may  appear,  and  utterly  opposed  to  the 
ordinary  views  of  the  functions  of  powerful  salt^radicals,  this  loss  of 
hydrogen  and  assumption  of  the  new  element  do  actually  occur  with  a 
great  variety  of  substances,  belonging  to  different  groups,  with  compa- 
ratively trifling  disturbance  of  physical  and  chemical  properties ;  the 
power  of  saturation,  the  density  of  the  vapour,  and  other  peculiarities 
of  the  original  substance  remain  the  same,  saving  the  modification  they 
may  sufffer  from  the  difference  of  the  equivalent  weights  of  hydrogen 
and  the  body  by  which  it  is  replaced. 

This  change  may  take  place  by  several  successive  steps,  giving  rise 
to  a  series  uf  substitution-compounds,  which  depart  more  and  more  in 
properties  from  the  original  substance  with  each  successive  increase  in 
the  proportion  of  the  replacing  body.  The  substitution  may  even  be 
total,  the  whole  of  the  hydn^en  bdng  lost,  and  its  place  supplied  by 
a  similar  number  of  equivalents  of  the  new  element.  And  even  in  these 
extreme  cases,  of  very  common  occurrence,  however,  with  one  class  of 
substances,  the  resulting  compound  retains  generally  the  stamp  of  its 
origin. 

Although  numerous  examples  of  these  changes  will  be  found  described 
in  detail  in  the  following  pages,  it  will  be  well  perhaps  to  mention  here 
two  or  three  cases  by  way  of  illustration. 

Dutchriiquidf  the  compound  formed  by  the  union  of  equal  measures 
of  defiant  gas  and  chlorine,  containing  C4H4CI2.  is  affected  by  chlorine 
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in  obedience  to  the  law  of  substitution ;  one,  two,  three,  foor  equi- 
valents of  hydrogen  being  suooessiyely  removed  by  the  [Nt>looged  action 
of  the  gas  aided  by  sunshine,  and  one,  two,  three,  or  four  equivalents  of 
chlorine  introduced  in  place  of  the  hydn^en  withdrawn  as  hydrochloric 
acid.  In  the  last  product,  the  sesquichloride  of  carbon,  Q,f\^y  the 
replacement  is  total ;  the  intermediate  products  are  vohitile  liquids  not 
differing  very  much  in  genenil  characters  from  Dutch-liquid  itadf.  A 
great  number  of  compound  ethers  of  the  ethyl-  and  meUiyl-  series  are 
attacked  by  chlorine  and  bromine  in  a  similar  manner;  indeed,  the 
majority  of  the  examples  of  the  law  in  question  are  to  be  found  in  the 
history  of  this  class  of  bodies. 

Concentrated  acetic  acid,  placed  in  a  vessel  of  dry  chlorine  and  ex- 
posed to  the  sun,  gives  rise  to  chloracetic  acidf  containing  C^Cl^OjvHO, 
and  in  which  consequently  the  whole  hydrogen  of  the  real  acid  is  re- 
placed by  chlorine.  Chloracetic  acid  is  a  stable  substance,  of  strong 
acid  characters,  and  foi-ms  a  series  of  salts,  some  of  which  bear  no 
slight  resemblance  to  the  normal  acetates. 

Basic  substitution-products  have  been  likewise  obtained :  cA/oran>7m«, 
bromaniline,  and  iodanilme  are  the  most  striking  examples.  These  will 
be  found  fully  described  in  the  section  on  organic  bases. 

The  action  of  fuming  nitric  acid  upon  organic  substances  very  com- 
monly indeed  gives  rise  to  substitution  products  containing  the  elements 
of  hyponitric  acid,  NO^,  in  place  of  hydrogen.  The  benzoyl-oompounds, 
and  several  of  the  essential  oils  natural  and  derived  from  resins,  will 
be  found  to  furnish  illustrations. 

In  formula!  repi'esenting  substitution-compounds  retaining  some  hy- 
drogen, the  practice  is  often  adopted  of  placing  the  substituting  body 
beneath  or  beside  this  residual  hydragen,  and  uniting  them  by  a  bracket 
on  each  side.  Thus,  the  formulae  of  the  first  two  products  of  the  action 
of  chlorine  on  Dutdi-liquid  are  thus  written : — 


^*  {cf }  ^^^  *"^  ^*  [a  }  ^^^  °''  ^<  ("»^*^  ^^»  ^^^  ^*  (R«ci,)  Cl^ 

And  pyroxylin,  or  gun-cottou,  which  is  supposed  to  be  a  substitution- 
product  from  lignin,  C^^H^O^q,  having  six  equivalents  of  hydrogen 
replaced  by  the  elements  of  hyponitric  acid,  will  stand: — 

^«    {     ONO,   )  ^«'  "  C«  ["»  (^'0.)J0- 

Isomeric  bodies,  or  substances  diflerent  in  properties,  yet  Identicnl 
in  composition,  are  of  constant  occurrence  in  organic  chemistry,  and 
stand,  indeed,  among  its  most  striking  and  peculiar  features.  Every 
year  brings  to  light  fresh  examples  of  compounds  so  related.  In  most 
cases,  discordance  in  properties  is  fairly  and  properly  ascribed  to  dif- 
ference of  constitution,  the  elements  being  differently  arranged.  For  in- 
stance, formic  ether  and  acetate  of  methyl  are  isomeric,  both  con- 
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taining  C^Ufi^ ;  but  then  the  fii-st  is  supposed  to  consist  of  formic 
acid,  CjHOj,  combined  with  ether,  C^H^O ;  while  the  second  is  ima- 
gined, in  accordance  with  the  same  views,  to  be  made  up  of  acetic 
acid,  C^H  fi^  and  the  ether  of  wood-spirit,  Cfifi*  And  this  method 
of  explanation  is  generally  sufficient  and  satisfactory:  when  it  can  be 
shown  that  a  difference  of  constitution,  or  even  a  difference  in  the  equi- 
Talent  numbers,  exists  between  two  or  more  bodies  identical  in  ultimate 
composition,  the  reason  of  their  discordant  characters  becomes  to  a  cer- 
tain extent  intelligible. 

The  action  of  heat  on  organic  substances  presents  many  important 
and  interesting  points,  of  which  a  few  of  the  more  prominent  n^y  be 
noticed.  Bodies  of  simple  constitution  and  of  some  permanence,  which 
do  not  sublime  unchanged,  as  many  of  the  oi^anic  acids,  yield,  when 
exposed  to  a  high,  but  regulated  temperature,  in  a  retort,  new  com- 
pounds, perfectly  definite  and  often  crystallizable,  which  partake,  to  a 
certain  extent,  of  the  pi  operti»  of  the  original  substance :  the  nume- 
rous pynhodds,  of  which  many  examples  will  occur  in  the  succeeding 
pages,  are  thus  produced.  Carbonic  acid  and  water  are  often  eliminated 
under  these  circumstances.  If  the  heat  be  suddenly  raised  to  redness, 
then  the  regulainty  of  the  decomposition  vanishes,  while  the  products 
become  more  uncertain  and  more  numerous ;  carbonic  acid  and  watery 
vapour  are  succeeded  by  inflammable  gnses,  as  carbonic  oxide  and  car- 
bonetted  hydrogen;  oily  matter  and  tar  distil  over,  and  increase  in 
quantity  until  the  close  of  the  operation,  when  the  retort  is  found  to 
contain,  in  most  cases,  a  residue  of  charcoal.  Such  is  destructive  dis- 
tillation. 

If  the  organic  substance  contain  nitrogen,  and  be  not  of  a  kind 
capable  of  taking  a  new  and  permanent  form  at  a  moderate  degree  of 
heat,  then  that  nitrogen  is  in  most  instances  partly  disengaged  in  the 
shape  of  ammonia,  or  substances  analogous  to  it,  partly  left  in  com- 
bination with  the  carbonaceous  matter  in  the  distillatory  vessel.  The 
products  of  dry  distillation  thus  become  still  more  complicated. 

A  much  greater  degi-ee  of  regularity  is  observed  in  the  effects  of  heat 
on  fixed  organic  matters,  when  these  are  previously  mixed  with  an 
excess  of  strong  alkaline  base,  as  potissa  or  lime.  In  such  cases  an  acid, 
the  nature  of  which  is  chiefly  dependent  upon  the  temperature  applied, 
is  produced,  and  remains  in  union  with  the  base,  the  residual  element 
or  elements  escaping  in  some  volatile  form.  Thus  benzoic  acid  dis- 
tilled with  hydrate  of  lime,  at  a  dull-red  heat,  yields  carbonate  of  lime 
and  a  bicarbide  of  hydrogen,  benzol ;  woody  fibre  and  caustic  potassa, 
heated  to  a  veiy  moderate  temperature,  yield  ulmic  acid  and  free 
hydrogen ;  with  a  higher  d<^ree  of  heat,  oxalic  acid  appears  in  the  place 
of  the  nlmic ;  and,  at  the  temperature  of  ignition,  carbonic  acid,  hy- 
drogen being  the  other  product. 

The  spontaneous  changes  denominated  decay  and  putrefaction^  to 
ivhich  many  of  the  more  complicated  organic,  and,  more  particularly, 
azotized  principles  are  subject,  hare  always  attracted  much  attention. 
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By  the  ezpression  decay,*  Liebig  and  his  school  understand  a  decom- 
position of  moist  organic  matter,  freely  exposed  to  the  air,  by  the 
oxygen  of  which  it  is  gradually  burned  and  destroyed,  without  sensible 
elevation  of  temperature ;  the  term  putrefaction,  on  the  other  hand,  is 
limited  to  changes  occurring  in  and  beneath  tl}e  sur&ce  of  wat^,  the 
effect  being  a  mere  transposition  of  elements,  or  metamorphosis  of  the 
oi^anic  body.  The  conversion  of  sugar  into  alcohol  and  carbonic  acid 
furnishes,  perhaps,  the  simplest  case  of  the  kind.  It  is  proper  to  re- 
mark, however,  that  contact  of  oxygen  is  indispensable,  in  the  first 
instance,  to  the  change,  which,  when  once  begun,  proceeds,  without  the 
aid  of  any  other  substance  external  to  the  decomposing  body,  uiless  it 
be  water  or  its  elements.  Every  case  of  putrefaction  thus  begins  with 
decay ;  and  if  the  decay,  or  its  cause,  namely,  the  absorption  of  oxygen, 
be  prevented,  no  putrefaction  occurs.  The  most  putrescible  substances, 
as  animal  flesh  intended  for  food,  milk,  and  highly-azotized  vegetaUes, 
are  preserved  indefinitely,  by  inclosure  in  metallic  cases,  from  whidi 
the  air  has  been  completely  removed  and  excluded. 

Some  of  the  curious  phenomena  of  communicated  chemical  activity, 
where  a  decomposing  substance  seems  to  involve  others  in  destructive 
change,  which,  without  such  influence,  would  have  remained  in  a  per- 
manent and  quiescent  state,  will  be  found  noticed  in  their  proper  places 
as  under  the  head  of  Vinous  Fermentation.  These  actions  are  yet  very 
obscure,  and  require  to  be  discussed  with  great  caution. 
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As  most  organic  substances  cannot  be  produced  at  will  firom  thor 
elements,  the  analytical  method  of  research  is  alone  applicable  to  the 
investigation  of  their  exact  chemical  composition ;  hence  the  ultimate 
analysis  of  these  substances  becomes  a  matter  of  great  practical  import- 
ance. The  operation  is  always  executed  by  causing  complete  oombos- 
tion  of  a  known  weight  of  the  body  to  be  examined,  in  such  a  manner 
that  the  carbonic  acid  and  water  pi-oduced  shall  be  collected,  and  their 
quantity  determined  ;  the  carbon  and  nitrogen  they  respectively  con- 
tain may  from  these  data  be  easily  calculated.  When  nitrogen,  sul- 
phur, phosphorus,  chlorine,  &c.,  are  present,  specicd  and  separate 
means  are  resorted  to  for  their  estimation. 

The  method  to  be  described  for  the  determination  of  the  carlxm  and 
hydrogen  owes  its  convenience  and  efliciency  to  the  improvements  of 
Professor  Liebig ;  it  has  superseded  all  other  processes,  and  is  now  in- 
variably employed  in  inquiries  of  the  kind.  With  proper  care,  the 
results  obtained  are  wonderfully  correct ;  and  equal,  if  not  surpass  in 
precision,  those  of  the  best  minei*al  analysis.  The  principle  upon 
which  the  whole  depends  is  the  following : — W^hen  an  organic  substance 
is  heated  with  the  oxides  of  copper,  laid,  and  several  other  metals,  it 

*  Or  eramacamit,  that  is,  slow  burning. 
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undei^oes  complete  combustion  at  the  expense  of  the  oxygen  of  the 
oxide,  the  metal  being  at  the  same  time  xednced,  either  completely  or 
to  a  lower  state  of  oxidation.  This  effect  takes  place  with  greatest 
ease  and  certainty  with  the  black  oxide  of  copper,  which,  although 
unchanged  by  heat  alone,  gives  up  oxygen  to  combustible  matter  with 
extreme  facility.  When  nothing  but  carbon  and  hydrogen,  or  those 
bodies  together  with  oxygen,  are  present,  one  experiment  suffices ;  the 
carbon  and  hydrogen  are  determined  directly,  and  the  oxygen  by  dif- 
ferenoe. 

It  is  of  course  indispensable  that  the  substance  to  be  analyzed  should 
posaeas  the  physical  chsracters  of  purity,  otherwise  the  inquiry  cannot 
lead  to  any  useful  resuH ;  if  in  the  solid  state,  it  must  also  be  freed  with 
the  most  scrupulous  care  from  the  moisture  which  many  substances 
retain  with  great  obstinacy.  If  it  will  bear  the  application  of  a  mode- 
rate heat,  this  desiccation  is  very  easily  accomplished  by  a  water  or 
steam  bath :  in  other  cases,  exposure  at  common  temperatures  to  the 
absorbent  powers  of  a  large  sur&ce  of  oil  of  vitriol  in  the  vacuum  of  an 
air-pump  must  be  substituted. 

ThB  operation  of  weighing  the  dried  ■^-  IW. 

powder  is  conducted  in  a  narrow  open 
tube,  about  2}  or  3  inches  long ;  tiie  tube 
and  substance  are  weighed  together,  and, 
when  the  latter  has  been  removed,  the 
tube  wiUi  any  little  adherent  matter  is  re- 
weighed.  This  weight,  subtracted  from 
the  former,  gives  the  weight  of  the  sub- 
stance employed  in  the  experiment.  As 
only  5  or  6  grains  are  used,  the  weighings 
should  not  involve  a  greater  error  than 
jjg  part  of  a  grain. 
!».  The  protoxide  of  copper  is  best  made  from  the  nitrate  by  complete 
ignition  in  an  earthen  crucible :  it  is  reduced  to  powder  and  reheated 
just  before  use,  to  expel  hygroscopic  moisture,  which  it  absorbs,  even 
while  warm,  with  avidity.  The  combustion  is  performed  in  a  tube  of 
hard  white  Bohemian  glass,  having  a  diameter  of  0*4  or  0*5  inch, 
and  in  length  varying  from  14  to  18  inches:  this  kind  of  glass  bears 
a  moderate  red-heat  without  becoming  soft  enough  to  lose  its  shape. 
One  end  of  the  tube  is  drawn  out  to  a  point,  as  shown  in  fig.  162,  and 
dosed ;  the  other  is  simply  heated  to  fuse  and  soften  the  sharp  edges  of 
the  glass.  The  tube  is  now  two-thirds  filled  with  the  yet  warm  prot- 
oxide of  copper,  nearly  the  whole  of  which  i^  'transfeired  to  a  small 
porcelain  or  Wedgwood  mortar,  and  very  intimately  mixed  with  the 
organic  substance.  The  mixture  is  next  transferred  to  the  tube,  and 
the  mortar  rinsed  with  a  little  fresh  and  hot  oxide,  which  is  added  to 
the  rest ;  the  tube  is,  lastly,  filled  to  within  an  inch  of  the  open  end 
with  oxide  from  the  crucible.  A  few  gentle  taps  on  the  table  suffice  to 
shake  together  the  contents,  so  as  to  leave  a  free  passage  for  the  evolved 
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gas€B  from  end  to  end.     The  arrangement  of  the  mixture  and  oxide  i« 
ih»  tube  a  represented  in  the  sketch. 


J^.  166, 


Protoxide  copper. 


Mixtore. 


Protoxide  copper. 


The  tube  is  then  ready  to  be  placed  in  the  ftrnace  or  chauflfcr:  tliis 
is  constructed  of  thin  sheet  iron,  and  is  furnished  with  a  series  of  sup- 
ports of  equal  height,  which  serve  to  prevent  flexure  in  the  combustioii- 
tube  when  softened  by  heat.     The  chauffer  is  placed  upon  flat  brides  or 


Fig.  16Y. 


a  piece  of  stone,  so  that  but  litUe  air  can  enter  the  grating,  unless  the 
whole  be  purposely  raised.  A  slight  inclination  is  also  given  towards 
the  extremity  occupied  by  the  mouth  of  the  combustion-tube,  whic^ 
passes  through  a  hole  provided  for  that  purpose. 

To  collect  the  water  produced  in  the  experiment,  a  small  light  tube 
of  the  form  represented  in  fig.  168,  filled  with  fragments  of  spongy 


Fig.  169. 


Fig.  168. 


chloride  of  calcium,  is  attached  by  a  perforated  cork,  thoroughly  dried, 
to  the  open  extremity  of  the  combustion-tube.  The  carbonic  add  is 
absorbed  by  a  solution  of  caustic  potassa,  of  specific  gravity  1*27, 
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which  is  contained  in  a  small  glass  apparatus  on  the  principle  of  a 
Woulfe's  bottle,  shown  in  fig.  169.  The  connection  between  the  latter 
and  the  chloride-of-calcium-tnbe  is  completed  by  a  little  tube  of 
caoutchouc,  secured  with  silk  cord.  The  whole  is  shown  in  fig.  1 70, 
as  arranged  for  use.  Both  the  chloride-of-calcium-tube  and  the 
potash  apparatus  are  weighed  with  the  utmost  care  before  the  experi- 
ment. 

The  tightness  of  the  junctions  may  be  ascertained  by  slightly  rare- 
fying the  included  air  by  sucking  a  few  bubbles  from  the  interior 
through  the  liquid,  using  the  dry  lips,  or,  better,  a  little  bent  tube  with 
a  perforated  cork :  if  the  di£R»rence  of  level  in  the  liquid  in  the  two 
iimba  of  the  potash-apparatus  be  preserved  for  several  minutes,  the 
joints  are  perfect.  Red-hot  charcoal  is  now  placed  around  the  an- 
terior portion  of  the  combustion-tube,  containing  the  pure  oxide  of 
copper:  and  when  this  is  red-hot,  the  fire  is  slowly  extended  towards 
the  further  extremity  by  shifting  the  moveable  screen  represented  in  the 

Fig.  170. 


DrawiDg  of  the  whole  arrangement 

drawing.  The  experiment  must  be  so  conducted,  that  an  uniform 
stream  of  carbonic  acid  shall  enter  the  potash-apparatus  by  bubbles 
which  may  be  easily  counted :  when  no  nitrogen  is  present,  these 
bubbles  are  towards  the  termination  of  the  experiment  almost  com- 
pletely absorbed  by  the  alkaline  liquid,  the  little  residue  of  air  alone 
escaping.  In  the  case  of  an  azotized  body,  on  the  contrary,  bubbles 
of  nitrogen  gas  pass  through  the  potassa-solution  during  the  whole 
process. 

When  the  tube  has  become  completely  heated  from  end  to  end,  and 
no  more  gas  is  disengaged,  but,  on  Uie  other  hand,  absorption  begins  to 
be  evident,  the  coals  are  removed  from  the  further  extremity  of  the 
oombustion-tube,  and  the  point  of  the  latter  broken  off.  A  little  air  is 
drawn  through  tiie  whole  apparatus,  by  which  the  remaining  carbonic 
add  and  watery  vapour  are  secured.  The  parts  are,  lastly,  detached, 
and  the  chloride-of-calcium-tube  and  potash-apparatus  reweighed. 

The  mode  of  heating  the  oombustion-tube  with  red-hot  charcoal  is 
the  original  process,  and  still  extensively  employed,  the  construction  of 
the  furnace  being  most  simple,  and  charcoal  everywhere  accessible. 
However,  stnoe  the  use  of  coal  gas  has  been  imiversally  adopted  in  la- 
boratories, many  contrivances  have  been  suggested,  by  means  of  which 
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Th(K  cliy-banuVx  an  fixed  on  pipei  pmriikd  with  itopcocki,  id  tint 
the  gu  nuf  b«  ligh to]  according  tolhe  nquimnmtaof  tbf  me.  The 
■topcockt  bcipg  Approprimtelj  AdjuaUd,  Ui^  gas  buna  co  tli«  fturfic*  of 
the  bamen  with  a  Bmokelnu  blue  Bame,  which  mviot  them  in  ■ 
■hart  time  iaaniaeait.     The  conrtmction  of  this  fumtae  it  nadilf 

^.  in.  *V.  iM. 


iuldligible  bf  ■  glance  >t  fignrw  172  utd  173,  which  eiUbit  the  dif- 
feroit  put*  of  the  Bp[antiu  in  wctioo,  lig.  172  repraentii^  a  tap 
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furnace  with  five  rows,  and  fig.  173  a  smaller  furnace  with  three  rows 
of  day-humers. 

The  following  account  of  a  real  experiment  will  serve  to  illostrate 
the  calculation  of  the  results  obtained  in  the  combustion  of  crystal- 
lized sugar: — 

Quantity  of  sugar  employed  .         .      4*750  grains. 

Potash-apparatus  wdghea  after  experiment     781*13 
>,  ,,  before  experiment  773*82 

Carbonic  acid        .         .         .       7*31 


Chloride-of-calcium  tube  after  experiment     226*05 

before  experiment     223*30 

Water         .         .       2*75 
7*31  gr.  carbonic  acid  =  1*994  gr.  carbon:  and  2*75  gr,  water ; 
0'3056  gr.  hydrogen  ;  or  in  100  parts  of  sugar,* 

Carbon 41*98 

Hydrogen 6*43 

Oxygen,  by  difference      .         .         .         51*59 


100-00 


When  the  organic  substance  cannot  be  mixed  with  the  protoxide  of 
copper  in  the  manner  described,  the  process  must  be  slightly  modified, 
to  meet  the  particular  case.  If,  for  example,  a  volatile  liquid  is  to  be 
examined,  it  is  inclosed  in  a  little  glass 
bulb  with  a  narrow  stem,  which  is  weighed  j^.  174. 

before  and  after  the  introduction  of  the  li- 
quid, the  point  being  hermetically  sealed. 
The  combustion-tube  must  have,  in  this 
case,  a  much  greater  length ;  and,  as  the 
protoxide  of  copper  cannot  be  introduced 
hot,  it  must  be  ignited  and  cooled  out  of 
contact  with  the  atmosphere  to  prevent 
absorption  of  watery  vapour.  This  is  most 
conveniently  effected  by  transferring  it,  in 
a  heated  state,  to  a  larg^  platinum  crucible 
to  which  a  closely-fitting  cover  can  be 
adapted.  When  quite  cold,  the  cover  is 
removed  and  instantly  replaced  by  a  dry  glass  funnel,  by  the  assistance 

*  The  theoretical  composition  of  sugar,  C24H2a022f  reckoned  to  100  parts, 
give*— 

Carbon     ....  42*11 

Hydrogen      ....        6*43 
Oxygen    .  51*46 

100*00 


416  THE  ULTIMATE  ANALYSIS  OF 

of  whiclt  the  oxide  may  be  dii-ectly  poured  into  the  combastion-tobe 
with  merely  momentary  exposure  to  the  air.  A  little  oxide  is  put  in, 
then  the  bulb,  with  its  stem  broken  at  a,  a  file-scratch  having  beeizi 
previously  made ;  and,  lastly,  the  tube  is  filled  with  the  cold  and  dry 
protoxide  of  copper.  It  is  arranged  in  the  chauffer,  the  chloride-o^ 
calcium  tube  and  potash  apparatus  adjusted,  and  then,  some  six  or  eight 
inches  of  oxide  having  been  heated  to  redness,  the  liquid  in  the  bulb  is, 
by  the  approximation  of  a  hot  coal,  expelled,  and  slowly  converted  into 
vapour,  which,  in  passing  over  the  hot  oxide,  is  completely  burned. 
The  expeiiment  is  then  terminated  in  the  usual  manner.  Fusible  fatty 
substances,  and  volatile  concrete  bodies,  as  camphor,  require  rather 
different  management,  which  need  not  be  here  described. 

Protoxide  of  copper,  which  has  been  used,  may  be  easily  restored  by 
moistening  with  nitric  acid,  and  igniting  to  redness ;  it  becomes,  in 
fact,  rather  improved  than  otherwise,  as  afler  frequent  employment,  its 
density  is  increased,  and  its  troublesome  hygroscopic  powers  diminished. 
For  substances  which  are  veiy  difficult  of  combustion,  from  the  large 
proportion  of  cai'bon  they  contain,  and  for  compounds  into  which  chlo- 
rine entera  as  a  constituent,  fused  and  powdered  chromate  of  lead  is 
very  advantageously  substituted  for  the  protoxide  of  copper.  Carbonate 
of  lead  freely  gives  up  oxygen  to  combustible  matters,  ami  even  evolves, 
when  strongly  heated,  a  little  of  that  gas,  which  thus  insures  the  per- 
fect combustion  of  the  organic  body. 

Analysis  of  Axotized  Svbstances, — The  presence  of  nitrogen  in  im 
organic  compound  is  easily  ascertained  by  heating  a  small  portion  with 
solid  hydrate  of  potassa  in  a  test-tube :  the  nitrogen,  if  present,  is 
converted  into  ammonia,  which  may  be  recc^nized  by  its  odour  and 
alkaline  reaction.  There  ai*e  several  methods  of  determining  the  pro> 
portion  of  nitrogen  in  azotized  organic  substances,  the  experimenter 
being  guided  in  his  choice  of  mems  by  the  nature  of  the  substance  and 
its  comparative  richness  in  that  element.  The  carbon  and  hydrogen 
are  first  determined  in  the  usual  manner,  a  longer  tube  than  usual  is 
employed,  and  four  or  five  inches  of  its  anterior  portion  filled  with 
copper  turnings,  rendered  perfectly  metallic  by  ignition  in  hydrogen: 
this  serves  to  decompose  any  nitrous  acid  or  binoxide  of  nitrogen,  which 
may  be  formed  in  the  act  of  combustion.  During  the  experiment  some 
idea  of  the  abundance  or  paucity  of  the  nitrogen  mny  be  formed  from 
the  number  of  bubbles  of  incondendble  gas  which  traverses  the  solation 
of  potassa. 

In  the  case  of  compounds  abounding  in  nitrogen,  and  readily  burned 
by  protoxide  of  copper,  a  method  may  be  employed,  which  is  very  easy 
of  execution :  this  consists  in  determining  the  ratio  bome  by  the  liberated 
nitrogen  to  the  carbonic  acid  produced  in  the  combustion.  A  tube  of 
hard  glass,  of  the  usual  diameter,  and  about  15  inches  long,  is  sealed 
at  one  end ;  a  little  of  the  organic  substance,  mixed  with  protoxide  of 
copper,  is  introduced,  and  allowed  to  occupy  about  two  inches  of  the 
tube ;  about  as  much  pure  oxide  is  placed  over  it,  and  then  another 
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portion  of  a  similar  miztare ;  afl«r  which  the  tube  is  filled  up  with  a 
seoond  and  larger  portion  of  pura  ozide,  and  a  qnantity  of  spongj 
metallic  oq>per.     A  short  bent  tube,  made  moveable  by  a  caoatchou'c 


Fig.  176. 


iC^ 


/^''■■■^'/J>- 


joint,  is  fitted  by  a  perforated  cork,  and  made  to  dip  into  a  mercuml 
trough,  while  the  combustion-tube  itself  rests  in  the  chauffer.  (Fig.  175.) 

Fire  is  first  applied  to  the  anterior  part  of  the  tube  containing  the 
metal  and  unmixed  oxide,  and,  when  this  is  red-hot,  to  the  extreme 
end.  Combustion  of  the  first  portion  of  the  mixture  takes 
place,  the  gaseous  products  sweeping  before  them  nearly  ^-  '^'^^^ 
the  whole  of  the  air  of  the  apparatus.  When  no  more 
gas  issues,  the  tube  is  slowly  heated  by  half  an  inch  at  a 
time,  in  the  usual  naanner,  and  all  the  gas  very  carefully 
collected  in  a  graduated  jar,  until  the  operation  is  at  an 
end.  The  volume  is  then  read  off,  and  some  strong  solution 
of  caustic  potassa  thrown  up  into  the  jar  by  a  pipette 
with  a  curved  extremity.  When  the  absorption  is  complete, 
the  residual  volume  of  nitrogen  is  observed,  and  compared 
with  that  of  the  mixed  gases,  proper  correction  being 
made  for  differences  of  level  in  the  mercury ;  and  firom 
these  data  the  exact  proportion  borne  by  the  nitrogen  to 
the  carbon  can  be  at  once  determined.* 

If  the  proportion  of  nitrogen  be  but  small,  the  error 
from  the  nitrogen  of  the  residual  atmospheric  air  becomes 
80  great  as  to  destroy  all  confidence  in  the  result  of  the 
experiment ;  and  the  same  thing  happens  when  the  sub- 
stance is  incompletely  burned  by  protoxide  of  copper :  other  means 
must  then  be  employed.     The  ci>solute  method  of  determination,  also 

*  FfliiMiies  of  tbe  two  sues  represent  agintxiZentt;  for 

100  coble  inches  carbonic  add  weigh  47  *36  grains. 
100        ,,  nitrogen  ,,     30*14 

47-26    :    30*14  =  22    :    14. 
The  last  two  terms  are  the  equivalent  numbers:  one  equivalent  of  carbonic 
acid  eontains  one  eqttivalent  of  carbon^ 

2£ 
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kDOWD  bj  the  nune  o!  Dumu'i  mrtliod,  xaaj  bo  had  reconne  to 
when  the  forf^ing,  or  ooinparaJiTv  method,  5u\s  from  Xht  6nt  cuiK 
mentioDed:  it  (^tu  eiceUeiit  resul ti,  and  ii  applicable  to  ttll  aiotiiat 
sulntaiica. 

A  tube  of  good  Bohediiaii  f^an,  28  iocbe*  long,  it  aecurelj  aealed  at 
one  end ;  Into  thie  enoDgh  d^  Uearbonate  of  wda  ii  put  to  occapf  6 
inchea.  A  little  pure  protoiida  of  copper  ie  Dpxt  inbod  need,  and  af^er- 
waidi  the  mirlure  of  oiide  and  oi^ioio  ButatoDce,  the  weight  itf  the 


Utt»f,  between  4-5  and  B  grains,  in  a  dry  state,  having  brta  correetir 

'-"-—'—'      Th«  renuioder  of  the  tube,  amonnting  to  nearly  ODC-tmlf 

it  ttwn  filled  ap  with  pure  protonda  of  oo] 


meUl,  and  a  rouod  cork,  perfbrattd  by  a  piece  of  narrow  tobe,  ii 
secanly  adapted  to  ill  tnouth.  This  tube  is  connected  by  meam  of  a 
caoutchouc  jtrint  with  a  bent  delivery-tabe,  a,  and  the  oomboitioo-tiibe 
amoged  in  the  ftiniace.  A  feir  coal*  an  now  appUed  to  the  tarther 
end  of  the  tube,  n  aa  to  decompoae  a  portion  of  the  bicaibonale  of  soda, 
the  r«nuhidei  of  tbe  orbonsta  sa  well  aa  of  the  other  part  of  llie  tobe 
beii^  protected  IroDi  the  heat  by  a  Kreen  n.  Tb«  current  of  earbooic 
add  thna  produced  i*  intended  to  eipel  all  the  air  from  tbe  appantnt. 
Id  order  to  atcertain  that  this  object,  on  which  the  euccea  of  the  whole 

ration  depends.  i<  accomplished,  the  delirery-iube  it  deprennl  under 
lerel  of  a  mercurinl  trough,  and  tbe  gas,  which  ii  erolved,  colkcted 
in  a  t«t-tube  filled  with  concentrated  potaus-aolution.  If  the  gu  be 
perfeclly  abaorbed,  or,  after  the  introduction  of  a  coniiderable  qnantitf, 
only  a  minnte  bubble  be  left,  the  air  may  be  conudered  as  eipeUed. 
The  neit  step  is  to  GU  a  gradualed  glaa  jar  two-thirds  wilh  mereory 
and  one-third  with  a  strong  aolution  of  potawa,  and  to  invert  it  OTer 
the  deliiery-tnbe,  as  represented  in  fig.  177. 


This  done,  fire  is  applied  to  the  lube,  tomntauiDg  at  Iht  fnnt  cod, 
snd  gradually  prooMdtDg  to  the  cloKd  titremity,  whicb  tUll  contains 
some  aDdecompotsd  bicarbonate  of  soda.  This,  when  the  tin  at  length 
readica  it,  yields  Dp  carbonic  aqti  whiph  chases  forward  the  nitrogen 
liDgeriag  in  the  tube.     The  t^irboaie-acid  goierated  during  the  oom- 
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bastion  ii  wholly  absorbed  hj  the  potassa  in  the  jar,  and  nothing  is  left 
but  the  nitrogen.  When  the  operation  is  at  an  end,  the  jar,  with  ite 
oonteotB,  is  transferred  to  a  venel  of  water,  and  the  Tolame  of  the 
nitrogen  read  off.  This  is  properly  corrected  for  temperature,  pressure, 
and  aqueous  yapour,  and  its  weight  determined  by  odculation.  When 
the  operation  has  been  very  suoceasful,  and  all  precautions  minutely 
obserred,  the  result  still  leaves  an  error  in  excess,  amounting  to  0*3  or 
0*5  per  oent^,  due  to  the  residual  air  of  the  apparatus,  or  that  oondensed 
in  the  pores  of  the  protoxide  of  oopper. 

A  most  elegant  [xooees  for  estunating  nitrogen  in  all  organic  com- 
pounds, except  those  containing  the  nitrogen  in  the  form  of  nitrous, 
hyponitric,  sjid  nitric  acids,  and  in  some  oi|;anic  bases,  has  been  put  in 
practice  by  MM.  Will  and  Varrentrapp.  When  a  non-azotized  organic 
substance  is  heated  to  redness  with  a  large  excess  of  hydrate  of  potassa 
or  soda,  it  suffen  complete  and  speedy  combustion  at  the  expense  of  the 
water  of  the  hydrate,  the  oxygen  combining  with  the  carbon  of  the 
organic  matter  to  form  carbonic  add,  which  is  retained  by  the  alkali, 
while  its  hjdngea,  together  with  that  of  the  subttance,  is  disengaged, 
sometimes  in  union  with  a  little  carbon.  The  same  change  happens  when 
nitrogen  is  present,  but  with  this  addition :  the  whole  of  the  nitrogen 
thus  abandoned  combines  with  a  portion  of  the  liberated  hydrogen  to  form 
ammonia.  It  is  evident,  therefore,  that  if  this  experiment  be  made  on 
a  weighed  quantity  of  matter,  and  drcumstanoes  allow  the  collection  of 
the  whole  of  the  ammonia  thus  produced,  the  proportion  of  nitrogen 
can  be  easily  calculated. 

An  intimate  mixtura  is  made  of  1  part  caastic  soda,  and  2  or  3 
parts  quicklime,  by  slaking  lime  of  good  quality  with  the  proper 
proportion  of  strong  caustic  soda,  drying  the  mixture  in  an  iron 
reael,  and  then  heating  it  to  redness  in  an  earthen  crudble.  The 
ignited  mass  is  rubbed  to  powder  in  a  warm  mortar,  and  carefully 
piesenred  from  the  air.  The  lime  it  useful  in  many  ways ;  it  dimi- 
nidiei  the  tendency  of  the  alkali  to  deUquesce,  &cilitate8  mixture 


Fig.  118. 


with*  the  organic  substance,  and  prevents  furion  and  liquefaction.  A 
proper  quantity  of  the  substance  to  be  analyzed,  namely,  from  5  to  10 
grains,  is  dried  and  accurately  weighed  out :  this  is  mixed  in  a  warm 
porcelain  mortar  with  enough  of  the  soda-lime  to  fill  two-thirds  of  an 
ordinary  combustion-tube,  the  mortar  being  rinsed  with  a  littie  more 
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of  the  alkaline  mixture,  and,  lastly,  with  a  small  quantity  of  powdered 
glass,  which  oompletelj  removeB  everything  adherent  to  its  anr&oe; 
Sie  tube  is  then  filled  to  within  an  inch  of  the  open  end  with  the 
lime-mixture,  and  arranged  in  the  chau&r  in  the  usiial  manner.  The 
ammonia  is  collected  in  a  little  apparatua  of  three  bolbe,  oontainin^ 
moderately-fitrong  hydrochloric  add,  attached  by  a  cork  to  the  ooan- 
bustion-tube.  Matters  being  thus  adjusted  fire  is  applied  to  tKie  tube, 
oonunencing  with  the  anterior  extremity.  AVhen  ignited  thronghoot 
its  whole  length,  and  when  no  more  gas  issues  from  the  appuratne^ 
the  p(unt  of  the  tube  is  broken,  and  a  little  air  drawn  throogh  the 
whole.  The  add  liquid  is  then  emptied  into  a  capsul^  the  bolhs 
rinsed  into  the  same,  first  with  a  UtUe  alcohol,  and  then  repeatedly 
with  dirtilled  water;  an  excess  of  pure  bichloride  of  platinum  is 
added,  and  the  whole  evaporated  to  dryness  in  a  water-bath.  The 
dry  mass,  when  oold,  is  treated  with  a  mixture  of  alcohol  and  ether, 
whi<^  dissolves  out  the  supei-flnous  bichloride  of  platinum,  but  Ickvob 
untouched  the  yellow  crystalline  double  chloride  of  platinum  and 
ammonium.  The  latter  is  collected  upon  a  small  weighed  filter, 
washed  with  the  same  mixture  of  aloohol  and  ether,  dried  at  212° 
(100°O),  and  wdghed;  100  parts  correspond  to  6*272  parts  «f 
nitrogen ;  or,  the  salt  with  its  filter  may  be  very  carefully  ignited,  and 
the  filter  burned  in  a  platinum  crudble,  and  the  nitrogen  vedDoned 
from  the  weight  of  the  spongy  metal,  100  parts  of  ihai  anfastanoe 
corresponding  to  14*  18  parts  of  nitrogen.  The  former  plan  is  to  be 
preferred  in  most  cases. 

Bodies  veiy  rich  in  nitrogen,  as  urea,  must  be  mixed  with  about  an 
equal  quantity  of  pure  sugar,  to  furnish  incondensibie  gas,  and  thus 
diminish  the  violence  of  the  absorption  which  otherwise  occurs ;  and 
the  same  precaution  must  be  taken,  for  a  difi*erent  reason,  with  those 
which  contain  little  or  no  hydrogen. 

A  modification  of  this  process  has  been  suggested  by  M.  Pe- 
ligot,  which  is  very  convenient  if  a  large  number  of  mtrogen-detsnni- 
nations  is  to  be  mode.  By  this  plan  the  ammonia,  inst^ui  of  being 
received  in  hydrochloric  add,  is  conducted  into  a  known  volume 
(from  ^  to  1  cubic  inch)  of  a  standard  solution  of  sulphuric  add, 
contained  in  the  ordinary  nitrogen-bulbs.  After  the  combustion  is 
finished,  the  add  containing  the  ammonia  is  poured  out  into  a  beaker, 
coloured  with  a  drop  of  tincture  of  litmus,  and  then  neutralised  with 
a  standard  solution  of  soda  in  water  or  of  lime  in  sugar^water,  the 
point  of  neutralization  becoming  perceptible  by  the  sudden  appearance 
of  a  blue  tint.  The  lime-solution  is  conveniently  poured  out  from 
the  graduated  glass-tube,  described  under  the  head  of  Alkalimetry. 
The  volume  of  lime-solution  necessary  to  neutralize  the  same  araoimt 
of  add,  which  is  used  for  condensing  the  ammonia,  having  been  ascer- 
tained by  a  preliminary  experiment,  it  is  evident  that  the  difference  of 
the  quantities  used  in  the  two  experiments  gives  the  ammonia  coUected 
in  the  add  during  the  combustion.      The  amount  of  nitrogen  may 
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tfaiu  be  calcalated.  If,  for  instanoe,  an  acid  be  prepared,  oontaining 
20  graina  of  pure  hydrated  sulphuric  acid  (HOy^O,)  in  1,000  grain- 
measures — 200  grain-measures  of  this  acid — the  quantity  introduced 
into  the  bulbs— oorrespood  to  1  *3^  grains  of  ammoDia,  or  1  *  14  grains 
of  nitrogen.  The  alkaline  solution  is  so  gi-aduated  that  1,000  grain- 
mflasares  will  exactly  neutndize  the  200  grain-measures  of  the  standard 
acid.  If  we  now  find  that  the  acid,  partly  saturated  with  the  am- 
monia diseigaged  during  the  combustion  of  a  nitrogenous  substance, 
reqaires  only  700  grain-measures  of  the  alicaline  solution,  it  is  erident 


200  X  30Q 
that -^  s  60  grain-measures  were  saturated  by  the 


1000 


ammonia. 


and  the  quantity  of  nitrogen  is  obtained  by  the  proportion — 

200  :  1-14  =  60  :  X,  wherefore  x  =  — ^  ^^  =  0-342  grains  of 
nitrogen. 

Eatimaiikn  of  Sulphur  m  Organic  Compounds, —yfhea.  bodies  of 
this  class  ocmtiUnii:^  sulphur  are  burned  with  protoxide  of  copper,  a 
small  tube,  oontaining  binozide  of  lead,  may  be  interposed  between 
the  cfaloridie-of-<calcium  tube  and  the  potassa-apparatus  to  retain  any 
sulphurous  acid  which  may  be  formed.  It  is  better,  however,  to  use 
chromate  of  lead  in  such  cases.  The  proportion  of  sulphur  is  deter- 
mioed  by  oxidizing  a  known  weight  of  the  substance  by  strong  nitric 
acid,  or  by  fusion  in  a  silver  vessel  with  ten  or  twelve  times  its  weight 
of  pore  hydrate  of  potassa  and  half  as  much  niti-e.  The  sulphur  is 
thus  converted  into  sulphuric  acid,  the  quantity  of  whidi  can  be 
detcrmiiied  by  dissolving  the  fused  mass  in  water,  acidulating  witli 
nitric  acid,  and  adding  a  salt  of  baryta.  Phosphorus  is,  in  like 
manner,  oxidized  to  phosphoric  add,  the  quantity  of  which  is  deter- 
mined by  precipitation  in  combination  with  sesquiozide  of  iron,  or 
otberwise. 

Esiimaium  of  Chlorine. — ^The  case  ^of  a  volatile  liquid  oontaining 
chlorine  is  of  very  frequent  occurrence,  and  may  be  taken  as  an  illus- 
tration of  the  general  plan  of  proceeding.  The  combustion  witli 
protoxide  of  copper  must  be  very  carefully  conducted,  and  two  lar 
three  inches  of  the  anterior  portion  of  the  tube  kept  cool  enough  to 
prevent  volatilization  of  the  chloride  of  copper  into  the  chloride-of- 
caldum  tube.  Chromate  of  lead  is  much  better  for  the  purpose. 
The  chlorine  is  correctly  determined  by  pladng  a  small  weighed  bulb 
of  liquid  in  a  combustion- tube  which  is  afterwards  filled  with  frag- 
ments of  pure  quicklime.  The  lime  is  brought  to  a  red-heat,  and  the 
vapour  of  the  liquid  driven  over  it,  when  the  chlorine  displaces  oxygen 
from  the  lime,  and  gives  rise  to  chloride  of  caldum.  When  cold,  the 
contents  of  the  tube  are  dissolved  in  dilute  nitric  add,  filtered,  and  the 
chlorine  precipitated  by  nitiate  of  silver. 
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EMPIRICAL  AND  RATIONAL  FORMULA. 

A  chanical  formala  is  termed  en^tirioal  when  it  merdj  grfvi  the 
simplest  possible  ezpreaBi<ni  of  the  composition  of  the  sabrtaooe  to 
which  it  refers.  A  rationed  formala,  on  the  contrary,  aims  at  describ- 
ing the  exact  composition  of  one  equivalent  or  oombinng  prcportkm  of 
the  substance,  by  stating  the  absolute  number  of  equividents  of  each  of 
its  elements  essential  to  that  object,  as  well  as  the  mere  relatioos  exist- 
ing between  them.  The  empirical  formula  is  at  once  deduced  fi«n 
the  analysis  of  the  substance,  reckoned  to  100  parts;  the  ntiooal 
formala  requires,  in  addition,  a  knowledge  of  its  oombinii^  quantity, 
which  can  only  be  obtained  by  direct  experiment,  by  synthesis,  or  by 
the  careful  examination  of  one  or -more  of  its  most  definite  compounds. 
Further,  the  rational  may  either  coincide  with  the  empirical  formula, 
or  it  may  be  a  multiple  of  the  latter. 

Thus,  the  composition  of  acetic  acid  is  expressed  by  the  fbrmnk 
CHO,  whidi  exhibits  the  simplest  relations  of  the  three  elraienls: 
if  we  want  to  express  the  quantities  of  these,  in  equivalents,  required 
to  make  up  an  equivalent  of  acetic  acid  we  hare  to  adopt  the  for- 
mula Cfifi^  =  Cfiflg,EO.  Again,  the  empirical  formula  of  benMcie 
add  is  C^HjO,,  while  its  rational  formula,  determined  fay  its  capact^ 
of  saturation,  is  double,  or  C^fLfi^^iC^fififiO,  In  like  mamMr, 
the  empirical  formulae  of  the  artificial  allodoids/ur^tirJfM  and  cnuarine 
are  respectively  C„H,NO,  and  C„H,N,  The  equivalents  of  these  aub- 
stances,  that  is  to  say,  the  quantities  required  to  form  neutral  salts 
with  one  equivalent  of  apy  well-defined  monobasic  acid  will,  however, 
be  expressed  by  the  formuhe  C,oH,(N,0,  and  C^jHjgN,;  henoe  these 
latter  deserve  the  name  of  rational  formule. 

The  deduction  of  an  empirical  formula  from  the  ultimate  analysis  is 
very  easy:  the  case  of  sugar,  already  cited,  may  be  taken  as  an  ex* 
ample.    This  contains,  according  to  the  analysis,  in  100 

Carbon 41*98 

Hydrogen          ....  6*43 

Oxygen 51*59 


100-00 


If  each  of  these  quantities  be  divided  by  the  equivalent  of  the 
element,  the  quotients  will  express  m  equivalents  the  relations  existing 
between  them :  these  are  afterwards  reduced  to  their  simplest  expres- 
sion. This  is  the  only  part  of  the  calculation  attended  with  any  diffi- 
culty :  if  the  numbers  were  rigidly  correct,  it  would  only  be  necessary 
to  ^ride  each  by  the  greatest  divisor  common  to  the  whole ;  as  they 
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are,  however,  only  approiimative,  something  is  of  necessity  left  to  the 
judgment  of  the  experimenter,  who  is  ohliged  to  use  more  indirect 

'°*'°^11J8=  6-99  :«^  =  6-43 i*l;5?  =6-44, 
tf  1  *      8 

or  699  eq.  carhon,  643  eq.  hydrogen,  and  644  eq.  oxygen. 

It  will  be  evident,  in  the  nrst  place,  that  the  hydrogen  and  oxygen 
are  present  in  the  proportions  to  form  water,  or  as  many  equival^ts 
of  one  as  of  the  other.  Again,  the  equivalenls  of  carbon  and  hydrogen 
are  nearly  in  the  proportion  of  12  :  11,  so  that  the  formula  C,2H,jO|| 
appears  likely  to  be  correct.  It  ia  now  ea^  to  see  how  far  this  is  ad- 
missible, by  reckoning  it  back  to  100  parts,  comparing  the  resylt  with 
the  numbers  givoi  by  the  actual  analysis,  and  observing  whether  the 
difference  falls  fairly  in  direction  and  amount  within  the  limits  of  error 
of  what  may  be  termed  a  good  experiment,  viz.,  two-  or  three-tenths 
per  cent,  deficiency  in  the  carbon,  and  not  more  than  one-tenth  or 
two-tenths  per  cent,  excess  in  tlie  hydrogen. 

Carbon 6x12=72 

Hydrogen    .  11  eq.  =  ll 

Oxygen 8x11  =  88 

171 
171:  72  =  100:42-11 
171  :  11  =  100  :    6-43 
171  .88=100:51-46 

Organic  adds  and  salt-radicals  have  their  proper  equivalents  most 
frequently  determined  by  an  analysis  of  their  lead-  and  silver-salts,  by 
bqniing  tiiese  latter  with  suitable  precautions  in  a  thin  poroehiin  cap- 
sule, and  noting  the  weight  of  the  protoxide  of  lead  or  metallic  silver 
left  behind.  If  the  protoxide  of  lead  be  mixed  with  globules  of  reduced 
metal,  the  quantity  of  the  latter  must  be  ascertained  by  dissolving  away 
the  oxide  by  acetic  acid.  Or  the  lead-salt  may  be  converted  into  sul* 
phate,  and  the  silver-compound  into  chloride,  and  both  metals  thus 
estimated.  An  organic  base,  on  the  contrary,  or  a  basyle,  has  its  equi- 
valent fixed  by  the  observation  of  the  quantity  of  a  mineral  add,  or  an 
inorganic  salt-radical,  required  to  form  with  it  a  combination  having 
the  diaracters  of  neutrality: 
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Fig.  179. 


DETBBMIKATION  OF  THE   DEI98ITT   OF   VAFOUBS. 

The  determination  of  the  specific  gravity  of  the  vapour  of  a  volatile 
substance  is  frequently  a  point  of  great  importance,  inasmuch  as  it 
gives  the  means,  in  conjunction  with  the  analysis,  of  representing  the 
constitution  of  the  substance  by  measure  in  a  gaseous  state.  The  fol- 
lowing is  a  sketch  of  the  plan  of  operation  usually  followed : — A  light 
glass  globe  about  three  inches  in  diameter,  is  taken,  and  its  neck  soft- 
ened and  drawn  out  in  the  blowpipe-flame,  as 
represented  in  the  figure:  this  is  aocorately 
weighed.  About  one  hundred  grains  of  the 
volatile  liquid  are  then  introduoedy  by  gentlr 
warming  the  globe  and  dipping  the  point  into 
the  liquid,  which  is  then  forced  upwards  by  the 
pressure  of  the  air  as  the  vessel  cools.  The  globe 
is  next  firmly  attached  by  wire  to  a  handle.  In 
such  a  manner  that  it  may  be  plunged  into  a 
bath  of  boiling  water  or  heated  oil,  and  steadily 
held  with  the  point  projecting  upwards.  The 
bath  must  have  a  temperature  considerably  above 
that  of  the  boiling-point  jof  the  liquid.  The  lat  t**r 
becomes  rapidly  converted  into  vapour,  wbidi 
escapes  by  the  narrow  orifice,  chasing  before  it 
the  air  of  the  globe.  When  the  issue  of  vapour 
has  wholly  ceased,  and  the  tempeniture  of  the 
bath,  carefully  observed,  appears  pretty  uniform^ 
the  open  extremity  of  the  point  is  hermetically 
sealed  by  a  small  blowpipe-flame.  The  globe  is  removed  from  the 
bath,  suffered  to  cool,  cleansed  if  necessary,  and  weighed,  after  which 
the  neck  is  broken  oflf  beneath  the  surface  of  water  wbich  has  been 
boiled  luid  cooled  out  of  contact  of  air,  or  (better)  mercury.  The  liquid 
enters  the  globe,  and,  if  the  expulsion  of  the  air  by  the  vapour  has 
been  complete,  fills  it ;  if  otherwise,  an  air-bubble  is  left,  whose  volume 
can  be  easily  ascertained  by  pouring  the  liquid  from  tiie  globe  into  a 
jar  graduated  to  cubic  inches,  and  then  refilling  the  globe,  and  repeating 
the  same  observation.  The  capacity  of  the  vessel  is  thus  at  the  same 
time  known:  and  these  are  all  the  data  required.'^  An  examjde  will 
render  the  whole  intelligible. 


*  Messrs.  Playfair  and  Wanklyn  have  lately  described  an  Important  modifica- 
tion of  this  proccM,  whereby  the  densities  of  a  vapoor  at  temperatures  below 
the  boiling  point  of  the  liquid  may  be  determined.  This  otjject  is  attained  by 
mixing  the  vapour  of  the  body  with  a  measured  volume  of  a  permanoit  gaob 
hydrogen  for  Instance.— Joum.  of  the  Cbem.  Soc,  vol.  xv.  p.  143. 
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Determination  of  the  demity  of  the  vapour  of  Acetone, 

Capacitj  of  globe 31*61  cubic  inches. 

Weight  of  globe  filled  with  drj  air  at 
52=*  (11^ -lie)  and  30-24  inches  baro- 
meter   2070  "88  grains. 

Wdght  of  globe  tilled  ¥nth  vapour  at  2\2° 
(100°C)  temp,  of  the  bath  at  the  mo- 
ment of  sealing  the  point,  and  30*24 
inches  barometer 2076*81  grains. 

Residual  air,  at  45°  (7'' -220),  and  30 '24 

inches  barometer  ....  0*60  cubic  inch. 

31-61  cubic  inohes  of  air  at  52°  and  30  *  24  in.  bar.  s  32  *  36  cub.  inches 

at  60°  {U)°-  5C)  and  30  inch  bar.,  weighing  .     10*035  grains. 

Hence,  weight  of  empty  globe,  2070  •  88—10  •  035    =  2060 •  846  grains. 

0*  6  c.  inch  of  air  at  45°= 0*8  c.  inch  at  212°;  weight  of  do.  by  cal- 
culation =0"  191  grain. 

31  -61— 0*8  =  30  ■  81  cubic  inches  of  vapour  at  212°  and  30*  24  in.  bar., 
which,  on  the  supposition  that  it  tcouid  bear  cooling  to  60°  without 
liquefaction,  would,  at  that  temperature,  and  under  a  pressure  of 
30  inch,  bar.,  become  reduced  to  24*18  cubic  inches. 

Hence, 

Weight  of  globe  and  vapour  2076*810  grains. 

.,         residual  air 0*191 

2076-619 
Weight  of  globe 2060*845 

Weight  of  the  24-18  cubic  inches  of  vapour  15  *  774 

Consequently,  100  cubic  inches  of  sudi  vapour  must 

weigh 65*23  grains. 

100  cubic  inches  of  air,  under  similar  circumstances, 

weigh 31*01 

65-23 

=  2*103,  the  specific  gravity  of  the  vapour  in  questiou, 

31*01 

air  being  unity. 

In  the  foregoing  statement,  a  correction  has  been,  for  the  sake  of 
simplicity,  omitted,  which,  in  very  exact  experiments,  must  not  be  lost 
sight  of,  viz.,  the  expansion  and  change  of  capacity  of  the  glass  globe  by 
the  elevated  temperature  of  the  bath.  The  density  so  obtained  will  be 
always  on  this  account  a  little  too  high. 


1 
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The  error  to  which  the  mercurial  thermometer  is,  at  high 
f  tures,  liable,  toids  in  the  opposite  direction. 

It  is  easy  to  Compare  the  actual  specific  gravity  of  the  Taponr  found 
in  the  manner  above  described  with  the  theoretical  specific  graTitj 
deduced  from  the  formula  of  the  sifbstance : — 

The  formula  of  acetone  is  C,H,0.     In  combining  volames  this  is 
represented  by  3  toIs.  of  the  hypothetical  vapoui*  of  carbm,  3  toU.  of 
I  hydrogen,  and  half  a  volume  of  oxygen.     Or  the  weight  of  the  anit  of 

I  volume  of  acetone- vapour  will  be  equal  to  three  times  the  spedBc 

gravity  of  carbon-vaponr,  three  times  that  of  hydrogen,  and  one-half 
!  that  of  oxygen  added  together,  one  volume  of  the  compound  vapour 

\  containing  6}  volumes  of  its  components : — 


S  vols,  hypothetical  vapour  of  carbon      .  0'  4183  X  3  =  1  *  2549 

3  vols,  hydrogen       ....  0*0693x3  =  0-2079 

i  vol.  oxygen =0*55^ 

Theoretical  specific  gravity          .  2*0156 


8U01R,  STABCR,  ODH,  LIONIN,   AND  MLUSO  SUBSTIHCES. 
Tbs  iDembaR  of  Ihii  ramrlmble  and  fir;  niton]  graap  present  Hranl 
intertttii^  caiea  of  iBomerim,     Thej  are  UuractflnEcd  by  their  feeble 
^titode  to  enter  into  cnmbinatioii,  and  ■!»  by  containing,  vith  ■  tmr 
doeptioiu,  oijgea  and  bjdrcfeD  in  the  propoiticiiia  to  form  water. 

Jbblt  of  SaaAoTHw  and  Amylaemat  Svbstaacei. 
C«De-Bi]gu',  cryatalliied  . 
Cane-augir,  in  combioBtion 
Gnpe-mgir,  cryatalliied 
GrspB-BDgar,  in  comUnation 
llilk-ingar,  cryitailiigd  . 
Uilk-BDgar,  in  combination 
Idelitcfle  from  EuGoijffrtia  nyutnife 
Encalyne  &om  tlie  mar 
Ueleiitoee     .... 


Si^ar  Axm  Seoalt 
Canmul 

Mumite, 

DulcoH 

EiTthromuinitc 


Qaecdlt  .... 

Glycogen     ..... 
Starch,  multered, dried  at  2ia°(tOO°C). 
Amidin,  or  gelatinoiu  atirch 
Deitrin,  or  eammy  atarch  . 
Staich  tmat  Cetnria  lalandka 

Gom-aisbtc  .... 

Gnm-tngaouitb        .... 
Lignfa,  or  cellntoaa 

CAiie«raAR;  oui:vjIRT  buoir,  C„'H„0„. —  Thii  meet  unfiil 
Enbrtana  ia  found  in  the  juice  of  many  of  the  giUMi,  In  the  np  of 
KTcnil  fotfet-treea,  Id  the  root  of  the  beet  and  the  mallow,  and  in 
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several  other  plants.     It  is  extracted  most  easOy  and  in  greatert. 
abundance  from  the  sngar-cane,  cultivated  for  the  porpase  in  many 
tropical  countries.      The  canes  are  crushed  between  rollers,  and  the 
expressed  juice  suffered  to  flow  into  a  large  Teasel,  where  it  ta  aJowlj 
heated  nearly   to  its  boiling-point     A  small  quantity  of  hydrate 
of  lime  mixed  with  water  is  then  added,  which  occasions  the 
ti<m  of  a    coegalum   consisting  chiefly  of  earthy  phosphates, 
matter,  a  peculiar  albuminous  principle,  and  mechanical  imporities. 
The  clear  liquid  separated  from  tiie  ooagulum  thus  pi'oduoed  is  rapidly 
evaporated  in  open  pans  heated  by  a  strong  fire  made  with  the  crnaheU 
canes  of  the  preceding  year,  dried  in  the  son  and  preserved  fsr  the 
purpose.    When  sufficiently    concentrated,  the  syrup   is  tnnafenBd 
to  a  shallow  vessel,  and  left  to  aystallize,  during  which  time  it  ia 
frequently  agitated  in  order  to  hasten  the  change  and  hinder  the  £»*- 
mation  of  large  crystals.     It  is,  lastly,  drained  from  the  dark  unoys- 
tallizable  syrup,  or  mokmeSt  and  soit  into  commerce,  under  the  name 
of  raw  or  Muscovado  sugar.     The  refining  of  this  crude  product  is 
efiected  by  redissolving  it  in  water,  adding  a  quantity  \>f  albumen  in 
the  shape  of  serum  of  blood  or  white  of  egg,  and  sometimes  a  little 
lime-water,  and  heating  the  whole  to  the  boiling-point :  the  albomea 
coagulates,  and  ibrms  a  kind  of  network  of  fibres,  which  enclose  and 
separate  from  the  liquid  all  mechattically-suspended  impurities.     Hie 
solution  is  decolorized  by  filtration  through  animal  duunsoal,  evapo- 
rated to  the  crystallizing-point,  and  put  into  conical  earthen  mouldsy 
when  it  solidifies,  af^er  some  time,  to  a  oonfusedly*crystalline  mass, 
which  is  drained,  washed   with  a  little  dean  syrup,  and  dried  in  a 
stove :  the  product  is  ordinary  loaf-sugar.    When  the  crystallization 
is  allowed  to  take  place  quietly  and  slowly,  sugar^camdy  results,  the 
crystals  under  these  drcumstatloes  acquiring  large  volume  and  regular 
form.     The  evaporation  of  the  decolorized  syrup  is  best  conducted  in 
strong  dose  boilers  exhausted  of  air ;  the  boiling-point  of  the  syrup 
is  reduced  in  consequence  from  230°  (110°C)  to  150°  (65° -50)  or 
below,  and  the  injurious  action  of  the  heat  upon  the  sugar  in  great 
measure  prevented.     Indeed  the  production  of  molasaes  in  the  rude 
colonial  manufacture  is  chiefly  the  result  of  the  high  and  long-coo- 
tinned  heat  applied  to  the  cane-juice,  and  might  be  almost  entirely 
prevented  by  the  use  of  vacuum-pans,  the  product  of  sugar  beii^ 
thereby  greatly  increased  in  quantity,  and  so  mr  improved  in  quality 
as  to  become  inmost  equal  to  the  refined  artide. 

In  many  parts  of  the  continent  of  Europe  sugar  is  manu&ctured  on 
a  large  scale  from  beetproot,  which  contains  about  8  per  cent,  of  that 
substance.  The  process  is  far  more  complicated  and  tioublesome  than 
that  just  described,  and  the  product  much  inferior.  When  refined, 
however,  it  is  scarcely  to  be  distinguished  firom  the  preceding.  The 
inhabitants  of  the  Western  States  of  America  prqure  sugar  in  consi- 
derable quantity  from  the  sap  of  the  sugar  maple,  A<»r  tacckarinmn^ 
which  is  common  in  those  parts.    The  tree  is  tapped  in  the  spring  by 
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boring  a  hole  a  little  way  into  the  wood,  and  ioAerting  a  small  spout 
to  convey  the  liquid  into  a  ressel  placed  for  its  reception.  This  is 
boiled  down  in  an  iron  pot,  and  fhmishes  a  coarse  sagar,  which  is 
almost  wholly  employed  for  doDMBtic  purposes,  bat  little  finding  its 
way  into  oommeice. 

Pure  sugar  slowly  separates  from  a  strong  sedation  in  large,  trana- 
parent,  oobarless  crystals,  having  the  figure  of  a  modified  oblique 
rhosnbic  prism.  It  has  a  pure,  sweet  taste,  is  rery  soluble  in  water, 
requiring  for  solution  only  one-third  of  its  weight  in  the  cold,  and 
is  also  dissoWed  by  alcohol,  but  with  more  difficulty.  When  mode- 
rately heated  it  melts,  and  solidifies  on  cooling  to  a  glassy  amorphous 
maaa,  fiuniliar  under  the  name  of  barley-sugar :  at  a  higher  tempera- 
tare  it  blackens  and  suffers  decomposition;  and  the  same  effect  is 
produced,  as  already  remarked,  by  long-continued  boilii^  of  the 
aqueous  solution,  which  loses  its  £M2ulty  of  crystallizing  and  becomes 
ookraied.  The  crystals  have  a  specific  gravity  of  1*6,  and  are  uni- 
changeable  in  the  air. 

The  deep-brown  soluble  substance  called  caramel,  used  for  colouring 
spirits  and  other  purposes,  is  a  product  of  the  action  of  heat  upon 
cane-sugar.  It  contains  C^H^Oi,,  and  is  isomeric  with  cane-sugar 
in  combination. 

The  following  is  the  composition  assigned  to  the  principal  compounds 
of  cane-sugar  by  M.  Feligot,  who  has  devoted  much  attention  to  the 
subject.* 

Crystallized  cane-sugar        .        ,         .     Cj4H,,0,,-f  4H0 
Compound  of  sugar  with  common  salt        C^^H  j^O,, + NaCl + 3H0 
Compound  of  sugar  with  baryta    .        .     C^fi^fi^+%'^0'\-^liO 
Compound  of  sugar  with  lime    .         .        C„H,jOig4-2CaO-f4HO 
Compound  of  sugar  with  protoxide  of  lead  C^HijO,,4-4PbO 

The  compounds  with  baryta  and  lime  are  prepared  by  digesting  sugar 
at  a  gentle  heat  with  the  hydrates  of  the  earths.  The  lime  compound 
has  a  bitter  taste,  and  ia  more  soluble  in  cold  water  than  in  hot. 
Both  are  readily  decomposed  by  carbonic  acid,  crystals  of  carbonate  of 
lime  being  occasionally  produced.  The  combination  with  protoxide 
of  lead  is  prepared  by  mixing  sugar  with  a  solution  of  acetate  of  lead, 
adding  excess  of  ammonia,  and  drying  the  white  insoluble  product  out 
of  contact  with  air.  The  compound  with  common  salt  is  crystallizable, 
soluble,  and  deliquescent. 

Grape-suoab;  gluooBE;  sugab  op  PRUIT8,  C^H„Ojg.— This 
variety  of  sugar  is  very  abundantly  diffused  through  the  vegetable 
kingdom:  it  may  be  extracted  in  large  quantity  from  the  juice  of 
sweet  grapes,  and  also  from  honey,  of  whidi  it  forms  the  solid  crystal- 
line portioUf  by  washing  with  cold  alcohol,  which  dissolves  the  fluid 
syrup.     U  may  also  be  prepared  by  artificially  modiiymg  cane-sugar, 

•  'Ann.  GUm.  et  Fbya'  Ixvli.  113. 
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starch,  and  woody  fibre,  by  processes  presently  to  be  described.  The 
appearance  of  this  subetaDce,  to  an  enormous  extent,  in  the  urine,  is 
the  most  characteristic  feature  of  the  disease  called  diabetes. 

Grape-sugar  is  easily  distinguished  by  several  important  peculiarities 
from  cane-sugar:  it  is  much  less  sweet,  and  less  soluble  in  water, 
requiring  1^  parts  of  the  co)d  liquid  for  solution.  Its  mode  of  crys- 
tallization is  also  completely  different :  instead  of  forming,  like  cane- 
sugar,  bold,  distinct  crystals,  it  separates  from  its  solutions  in  wato* 
and  alcohol  in  granular  warty  masses,  which  but  seldom  present  ciys- 
talline  faces.  When  pure,  it  is  nearly  white.  When  heated,  it  melts, 
and  loses  4  eq.  of  wat^,  and,  at  a  higher  temperature,  bladcens  and 
suffers  decompositioD.  Grape-sugar  combines  with  di£ficalty  with 
lime,  baiyta,  and  oxide  of  lead,  and  is  converted  into  a  brown  or 
black  substance  when  boiled  with  a  solution  of  caustic  alkali,  by  whidi 
cane-sugar  is  but  little  affected.  It  dissolves,  on  the  contrary,  in 
strong  oil  of  vitriol  without  blackening,  and  gives  rise  to  a  peculiar 
compound  add,  whose  barytarsalt  \»  soluble.  Gane>«ugar  is,  under  these 
circumstances,  instantly  changed  to  a  black  mass  resembling  charcoal. 

When  solutions  of  cane-  and  grnpe-sugar  are  mixed  with  two  sepa- 
rate portions  of  solution  of  sulphate  of  copper,  and  caustic  potassa 
added  in  excess  to  each,  deep-blue  liquids  are  obtained,  which,  on 
being  heated,  exhibit  different  characters:  the  one  containing  cane- 
sugar  is  at  first  but  little  altered ;  a  small  quantity  of  red  pow£r  falls 
after  a  time,  but  the  liquid  long  retains  its  blue  tint:  with  the  grape- 
sugar,  on  the  other  hand,  the  first  application  of  heat  throws  down  a 
copious  greenish  precipitate,  which  rapidly  changes  to  scarlet,  and 
eventually  to  dark-red  suboxide  of  copper,  leaving  a  nearly  colourless 
solution.  If  the  analyst  have  but  small  quantities  of  material  at  his 
disposal,  a  mixture  of  sulphate  of  copper,  and  tartaric  acid,  to  which  an 
excess  of  potassa  has  been  added,  may  be  used  with  advantage.  This  is 
an  excellent  test  for  distinguishing  the  two  varieties  of  sugar,  or  dis- 
covering an  admixture  of  grape-  with  cane-sugar. 

Grape-eugar  unites  with  common  salt,  forming  a  soluble  compound 
of  sweetish  saline  taste,  which  crystallizes  in  a  regular  and  beautiful 
manner. 

Compounds  of  OrapS'-sugar,  according  to  Peligot, 
Crystalline  grape-sugar,   dried  in  the"!  n  n  o  -4-3HO 
The  same,  dried  at  266°  (IsVc)  *   .        C!„H„0,i -f- HO 

^'^mS^'^t  ""^  ^P"*"^"  ^'^  ."^"j  C^H„0«.f  KaCl-fSHO 
The  same,  dried  at  266°  (130°C)  .  C,^H,iO,i-hNaCl+2HO 
Compound  of  grape-sugar  with  baryta  C24H„Oj,-[-3BaO+7HO 
Compound  of  grape-sugar  with  lime  .  Cj^HjjOjj-HSCaO-i-THO 
Compound  of  grape-sugar  with  prot-  )  p  xj  «  i  opvn 
oxide  of  lead         .  .  |  ^wH«t»„+t)rDU 
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8uIpho8acchario  Acid,  Ci^H^O^^fSO,.  —  Melted  grape^ugar  is 
cautiously  mixed  with  concentrated  sulphuric  add,  the  product  dis- 
solved in  water,  and  neutralized  with  carbonate  of  baryta ;  sulphate 
of  baijrta  is  formed  together  with  a  soluble  sulphosaocharate  of  that 
earth,  from  which  the  add  itself  may  be  afterwards  eliminated.  It  is 
a  sweetish  liquid,  fcirming  a  variety  of  soluble  salts,  and  very  prone  to 
decompose  into  sugar  and  sulphuric  acid. 

Action  of  dilute  Adds  upon  Sugar, — Cane-sugar  dissolved  in  dilute 
salphuric  add  is  gradually  but  completely  converted,  at  the  common 
temperature  of  the  air,  into  grape-sugar.  The  same  solution,  when 
long  boiled,  yields  a  brownish-black  and  nearly  insoluble  substance, 
which  is  a  mixture  of  two  distinct  bodies,  one  having  the  appearance 
of  small  shining  scales,  and  the  other  that  of  a  duU-brown  powder. 
The  first,  called  by  Boullay  and  Malaguti  ulmin,  and  by  Liebig 
sacchulminf  is  insoluble  in  ammonia  and  alkalis;  the  second,  ulmic 
acid,  the  aacchuhnio  acid  of  Liebig,  dissolves  freely,  yielding  dark- 
brown  solutions  predpitable  by  acids.  By  long-continued  boiling 
with  water,  saochulmic  add  is  converted  into  sacchulmin.  Both  these 
subetaDces  have  the  same  composition,  expressed  by  the  empirical 
formula  C,HO.  Hydrochloric  add,  in  a  dilute  state,  produces  the 
same  effect.* 

Action  of  Alkalis  upon  Sugar. — When  lime  or  baryta  is  dissolved  in 
a  solution  of  grape-sugar,  and  the  whole  left  to  itself  several  weeks  in 
a  dose  vessel,  the  alkaline  reaction  will  be  found  to  have  disappeared 
from  the  formation  of  an  add  substance.  By  mixing  this  solution 
with  basic  acetate  of  lead,  a  voluminous  white  predpitate  is  obtained, 
which,  when  decomposed  by  sulphuretted  hydrogen,  yidds  sulphide  of 
lead,  and  the  new  add,  to  which  the  term  ghtcic  add  is  applied. 
Gludc  acid  is  very  soluble  and  deliquescent,  has  a  sour  taste  and  add 
reaction :  its  salts,  with  the  exception  of  that  containing  protoxide  of 
lead,  are  very  soluble.  It  contains  CJSfiy  When  grape-sugar  is 
heated  in  a  strong  solution  of  potassa,  soda,  or  baryta,  the  liquid 
darkens,  and  at  length  assumes  a  nearly  black  colour.  The  addi- 
tion of  an  acid  then  gives  rise  to  a  black  flocculent  precipitate  of  a 
substance  called  melasinic  add,  containing  C^fH^O,^  Cane-sugar 
long  boiled  with  alkalis  undergoes  the  same  changes,  bdng  probably 
first  converted  into  grape-sugar. 
Sugar  of  diabetes  insipidus. — A  substance  having  the  general 

*  Under  the  names  utmin  and  tdmie  add  have  been  confounded  a  number  of 
brown  or  black  nncryBtallitsble  substances  produced  by  the  acUoo  of  powerful 
cbemlcal  agents  upon  sagar,  Ugnin.  &c.,  or  genented  by  the  putre&cUve  decay 
of  vegetable  fibre.  Common  ganUm  mould,  for  example,  treated  with  dilute, 
boiling  solution  of  caustic  potaasa,  yields  a  deep-brown  solution.  fh)m  which 
adds  predpitate  a  floccalent,  brown  substance,  having  but  a  slight  degree  of 
lohibllity  in  water.  This  Is  generally  called  uIumc  or  humic  add,  and  its  origin 
ascribed  to  the  reaction  of  the  alkali  on  the  ubnin  or  humus  of  the  soil.  It  is 
known  that  these  bodies  diifer  exceeding^  in  composition:  thqr  are  too  indefl- 
nlte  to  admit  of  ready  investigation. 
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properties  of  a  sugar,  bnt  destitate  of  sweet  taste,  has  been  described  bj 
M.  Th^nard  as  having  been  obtained  from  the  abo?e-mentiooed  scarce. 
It  was  capable  of  furnishing  alcohol  hj  fermoitation,  and  of  soAri^ 
conTersion  into  grape-stigar  by  dilute  snlphuric  add.  Its  coinpoaiti<m 
is  unknown.     These  observations  require  confirmation. 

LiQUORiCE-SDOAB ;  aLTCTRRHiziN. — ^The  root  of  the  oommfln 
liquorice  yields  a  large  quantity  of  a  peculiar  sweet  substance,  which  w 
soluble  in  water,  but  refuses  to  crystallize :  it  cannot  be  made  to  fer- 
ment. Glycyrrhizin  forms  difficultly  soluble  compounds  with  acids ;  it 
is  precipitated  from  its  solution  by  lead,  calcium,  and  barium  salts, 
the  precipitate  oonsistuig  of  glycyrrhizin  in  combination  with  the  baae 
employed.  According  to  Gorup  Besanez,  glycyrrhizin  when  boiled  with 
dilute  add,  splits  into  a  resinous  body,  glycyrretin  and  sugar ;  he  prm 
as  its  probable  formula  C^gHgsOjg. 

Panaqitilon,  from  Panax  quhtquefol.,  very  much  resembles 
gl3rcyrrhizin,  bnt  is  notpredpitated  from  its  solution  by  sulphuric  acid. 

SuGAB  OF  vilk;  lactin;  lactose,  C24H24OM. — ^This  COriOQS 
substance  Is  an  important  constituent  of  milk :  it  is  obtained  in  lai^ 
quantities  by  evaporating  tohey  to  a  syrupy  state,  and  purifying  the 
lactin,  which  slowly  crystallizes  out,  by  animal  charcoal.  It  fynns 
white,  translucent,  four-sided  prisms,  of  great  hariness.  It  is  slow 
and  difficult  of  solution  in  cold  water,  requiring  for  that  purpose  5 
or  6  times  its  weight :  it  has  a  feeble,  sweet  taste,  and  in  the  solid 
state  feels  gritty  between  the  teeth.  When  heated,  it  loses  water,  and 
at  a  high  temperature  blackens  and  decomposes.  Milk-sugar  oombines 
with  the  bases  forming  compounds  which  have  an  alkaline  reaction  and 
are  easily  decomposed.  Dilute  acids  convert  it  into  another  variety  of 
sngar,  crystallizing  in  wart-shaped  masses;  this  body  was  formerly 
supposed  to  be  grape-sugar.  Milk-sugar,  like  glucose,  reduces  oxide  of 
copper  in  the  cold.  It  is  not  directly  fermentable,  but  can  be  made 
under  particular  circumstances  to  furnish  alcohol. 

Melitose  and  eucaltnb,  C^flu^i^' — '^^®  Australian  manna, 
which  is  the  produce  of  EtuxUyptua  mamUfera,  according  to  recent  re- 
searches of  Berthelot,  contains  two  difierent  isomeric  sugars,  called 
melitose  and  eucalyne.  They  exist  in  a  state  of  combination  in  the 
crystallized  manna,  obtained  by  extracting  the  original  secretion  with 
boiling  alcohol.  If  a  solution  of  this  substance  be  submitted  to  the 
action  of  yeast,  the  melitose  is  decomposed  into  alcohol  and  carbonic 
acid,  whilst  euodyne,  not  being  fermentable,  is  set  free.  On  evapo- 
rating the  liquid,  eucalyne  is  obtained  as  a  syrupy  mass. 

MELBZITO6E,  C^fH^Og. — ^This  variety  of  sugar  is  found  in  the  so- 
called  manna  of  Brian9on,  which  exudes  from  the  young  shoots  of  the 
lardi  {Larix  Efiropctd),  The  manna  is  extracted  with  alcohol,  which, 
when  evaporated,  yields  small  shining  crystals  of  melezitose.  On 
ebullition  with  dilute  add,  melezitose  passes  into  a  variety  of  sugar 
analogous  to  glucose. 

Ikosite,  C^Hj^O.^,  occurs  in  almost  all  parts  of  the  anhnal  system, 
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and  U  identical  with  phaseomanite,  which  oocura  in  uuripe  beans 
(Phaseoiw).  Jt  forms  prinmatic  crjstaU  of  the  form  of  gypsum,  is 
soluble  in  water,  bat  insoluble  in  alcohol  and  ether.  If  this  sui^ar  be 
CTsporated  with  nitric  acid  nearly  to  dryness,  the  residue  be  mixed  with  a 
little  ammonia  and  chloride  of  calcium,  and  again  evaporated,  a  beautiful 
rose  tint  is  produced,  which  is  quite  characteristic  of  this  substance. 

SOBBIX,  CfU^Oe  or  C^.H^O,,. — ^M.  Pelouze  has  obserred  that 
the  juice  of  the  berries  ot  the  mountain  ash  (Sorbus  aucnparia), 
when  allowed  to  stand  for  some  time  in  open  vessels,  deposits  a  brown 
crystalline  matter,  which,  on  reciystallization,  may  be  obtained  in 
transparent  oolourless  crystals.  This  substance  is  fdmost  insoluble  in 
alcohol,  but  easily  soluble  in  water,  which  assumes  an  exoeedii^ly 
sweet  taste.  Sorbin  is^  however,  no  sugar ;  it  is  not  capable  of  rer- 
menting,  nor  can  it,  by  the  action  of  acids,  be  converted  into  grape- 
aogar.  A  solution  of  sorbin,  when  mixed  with  ammonia  and  a  solu- 
tion of  acetate  of  lead,  furnishes  a  white  fiooculent  precipitate,  which 
contains  2PbO,  C^H^O^. 

Sugar  from  Eroot  of  Rte;  mitcose.— This- variety  of  sugar 
extracted  by  alcohol  fh)m  the  ery^ot,  crystallizes  in  transparent  colour- 
less prisms,  which  have  a  sweet  taste,  and  are  very  soluble  in  water. 
It  differs  fnm  cane-sugar  in  not  reducing  the  acetate  of  copper  when 
boiled  with  a  solution  of  that  substance.     It  contains  CmH^^m* 

If.  Berthelot  has  recently  obtained  compomids  of  nearly  all  the 
sugars  with  acids,  especially  with  the  so-called  fatty  acids.  These 
compounds  reBemble  the  fats  in  their  constitution  and  properties. 

Maztna-suoar  ;  Kannite,  Cfifi^  or  CuH^^O,,. — This  is  the 
chief  component  ojf  manna,  an  exudation  from  a  species  of  ash :  it  is 
also  found  in  the  juice  of  certain  other  plants,  and  in  several  sea- weeds, 
and  maj  be  formed  artificially  from  onlinary  sugar  by  a  peculiar  kind 
of  fennentation.  It  is  best  prepared  by  treating  manna  with  boiling 
alcohol,  and  filtering  the  solution  whilst  hot :  the  mannite  crystallizes 
on  cooling  in  tufts  of  slender  colourless  needles.  It  is  fusible  by  heat 
without  loss  of  weight,  is  freely  soluble  in  water,  possesses  a  powerfully 
sweet  taste,  and  has  no  purgative  properties.  Mannite  refuses  to  fer- 
ment. This  substance  combines  with  siUphuric  acid,  giving  rise  to  a 
new  add,  the  composition  of  which  is  not  yet  definitely  established. 
It  is  likewise  acted  on  by  concentrated  nitric  acid.  The  product  of  this 
action  will  be  noticed  further  on.  The  substance  formerly  described  as 
tmuhroom'gMgar  is  merely  mannite.  Mannite  has  kitely  been  obtained 
from  sugar  by  treatment  with  sodium-amalgam  in  an  alkaline  solution. 
When  mannite  is  heated  with  ^concentrated  hydriodic  acid,  iodine  is 
evolved  and  iodide  of  caproyl  (hexyl)*  C^H,,!  distils  as  a  heavy  oily 
liquid.  According  to  Messrs.  Wanklyn  and  Erlenmeyer,  this  decomposi- 
tion is  represented  by  the  following  equation: — CisTfi^Op+ll^HIs 
C,,H„I-hl2HO-hlOI. 

buLOOSB,  CgHfOf  or  CkHj^Oj,.— Closely  allied  to  and  identical 

*  See  further  on. 
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in  compontion  with  mannite,  is  a  subetaooe,  imported  into  Europe  from 
Madagascar,  the  origin  of  which  is  uncertain,  bat  which  Iws  been 
examined  by  Messrs.  Soubeiran,  Laurent,  and  Jaquelain.  It  foxms 
large  crystals,  which  fuse  at  374°  (190°C).  Dulcose  is  inaoloble  in 
boiling  alcohol,  and  not  precipitated  by  basic  acetate  of  lead.  It  is  not 
capable  of  undergoing  fermentation. 

£rythromamnite,  Phycite,  C,H„Oa,  or  C„H,^0„. — ^This  sugar 
is  found  in  Protococcus  vuigarxs.  It  was  originally  discovered  by  I>r. 
Stenhouse  among  the  products  of  decomposition  of  erythric  add  (see 
the  chapter  on  lichens).  It  crystallizes  in  large  transparent  prisms,  b 
readily  soluble  in  water,  but  with  difficulty  soluble  in  alcohol.  It  is 
not  fermentable. 

Finite,  C^^^, — A  secretion  of  a  Califomian  pine-trte  (Pum» 
lantJbertiana) — gives,  on  extraction  with  water,  a  substance  whidi 
crystallizes  in  botryoidal  forms,  of  a  sweet  taste,  like  sugar-candy. 
This  kind  of  sugar  is  not  soluble  in  alcohol,  is  not  fermentable,  and 
does  not  reduce  an  alkaline  solution  of  tartrate  of  copper,  not  even 
after  previous  tr^troent  with  sulphuric  acid. 

QUEBOITE,  C^H^fO^. — This  sugar  is  found  in  acorns.  Being  ud- 
fermentable,  the  juice  of  the  acorn  is  submitted  to  fermentation.  The 
fermented  liquor,  on  evaporation,  yields  small  prisms  of  querdte.  This 
sugar  b  soluble  in  water  and  dilute  alcohol. 

Gltoooen,  Oj^HjoOgo  was  obtained  by  Bernard  from  the  liver  of 
several  animals  (calfor  pig)  by  exhaustion  with  water  and  precipitat- 
ing by  boiling  alcohol.  The  precipitate  is  purified  by  boiling  with 
dilute  potassa,  by  repeatedly  dissolving  in  strong  acetic  add,  and 
precipitating  by  alcohol. 

Glycogen  is  a  white,  amorphous,  starch-like  substance,  without 
odour  or  taste,  yielding,  with  water,  an  opalescent  solution,  insoluble 
in  alcohol.  An  alkaline  solution  of  copper  is  not  reduced  by  giyoogcn. 
This  substance  does  not  ferment  with  beer-yeast,  but  is  converted  into 
glycose  by  boiling  with  dilute  adds,  or  by  contact  with  diastase,  pan- 
creatic-juice, saliva,  and  blood. 

Starch  ;  fecula. — ^This  is  one  of  the  most  important  and' widely- 
diffused  of  the  vegetable  proximate  prindples,  being  found  to  a  greater 
or  less  extent  in  every  plant.  It  is  most  abundant  in  certain  roots  and 
tubers,  and  in  soft  stems :  seeds  often  contain  it  in  large  quantity. 
From  these  sources  the  fecula  can  be  obtained  by  rasping  or  grinding 
the  vegetable  structuie  to  pulp,  and  washing  the  mass  upon  a  sieve,  by 
which  the  torn  cellular  tissue  is  retain^,  while  ih^  starch  passes 
thi-ough  with  the  liquid,  and  eventually  settles  down  from  the  latter  as 
a  soft,  white,  insoluble  powder,  which  may  be  washed  with  cold  water, 
and  dried  with  very  gentle  heat.  Potatoes  treated  in  this  manner  yield 
a  lai^  proportion  of  starch.  Stardi  from  grain  may  be  prepored  in 
the  same  manner,  by  mixing  the  meal  with  water  to  a  paste,  and  wash- 
ing the  mass  upon  a  sieve :  a  nearly  white,  insoluble  substance  called 
gluten  or  glvtin  remains  behind,  which  contains  a  large  proportion  of 
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nitrogen.  The  glatin  of  wheat-flour  is  extremely  tenacious  and  elastic 
The  yalue  of  m^  as  an  article  of  food  greatly  depends  upon  this  sub- 
stance. Starch  from  grain  is  cominonlf  manufactured  on  the  large 
scale  by  steeping  the  material  in 
water  for  a  considerable  period,  when 
the  lactic  add,  always  developed 
under  such  circumstances  from  the 
sogar  of  the  seed,  disintegrates,  and  in 
part  dissolrea  the  azotized  matter, 
and  greatly  facilitates  the  mechanical 
separation  of  that  which  remains. 
A  still  more  easy  and  successful  pro- 
eesa  has  lately  been  inb^uoed,  in 
which  a  very  dilute  solution  of 
caustic  soda,  containing  about  200 
grains  of  alkali  to  a  gallon  of  liquid, 
is  employed  with  the  same  view. 
£zcellent  starch  is  thus  prepared 
from  rice.  Starch  is  insoluble  in 
cold  water,  as  indeed  its  mode  of 
preparation  sufficiently  shows:  it  is 
equally  insoluble  in  alcohol  and 
oUier  liquids  which  do  not  effect  its 

decomposition.  To  the  naked  eye  it  presents  the  appearance  of  a  soft, 
white,  and  often  glistening  powder:  under  the  microscope  it' is  seen  to 
be  alt<^;ether  destitute  of  crystalline  structure,  but  to  possess,  on  the 
contrary,  a  kind  of  organization,  being  made  up  of  multitudes  ot  little 
rounded  transparent  bodies,  upon  each  of  which  a  series  of  depressed 
parallel  rings,  surrounding  a  central  spot  or  hilom,  may  often  be  traced. 
The  starch-^rannles  from  different  plants  vary  both  in  magnitude  and 
form :  those  from  the  Carma  ooccinea,  or  tous  les  mots,  and  potato 
being  largest ;  and  those  from  wheat,  and  the'cereals  in  general,  very 
much  smaller.  The  figure  (180)  will  serve  to  convey  an  idea  of  the 
appearance  of  the  granules  of  potato  staitdi,  highly  magnified. 

When  a  mixture  of  starch  and  water  is  heated  to  near  the  boiling- 
point  of  the  latter,  the  granules  burst  and  disappear,  produdog,  if  the 
proportion  of  starch  be  considerable,  a  thick  gelatinoua  mass,  very 
slightly  opalescent,  from  the  shreds  of  fine  membrane,  the  envdope  of 
each  separate  granule.  By  the  addition  of  a  large  quantity  of  .water, 
this  gelatinous  starch,  or  amidm,  may  be  so  far  diluted  as  to  pass  in 
great  measure  through  filter^paper.  It  is  very  doubtful,  however,  how 
fiur  the  substance  itself  is  really  soluble  in  water,  at  least  when  cold  ; 
H  is  more  likely  to  be  merely  suspended  in  the  liquid  in  the  form  of  a 
swollen,  transparent,  and  insoluble  jelly,  of  extreme  tenuity.  Gelati- 
nous starch,  exposed  in  a  thin  layer  to  a  dry  atmosphere,  becomes  con- 
verted into  a  yellowish,  homy  substance,  like  gum,  which,  when  put 
into  water,  again  softens  and  swells. 
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Thin  gelatinoas  sUrch  is  precipitated  by  many  of  the  metallic  ondes, 
as  lime,  baryta,  and  protoxide  of  lead,  and  also  by  a  large  additioo  of 
alcohol.  Infusion  of  galls  throws  down  a  copious  yellowish  precipitate 
containing  tannic  acid,  which  redissolves  when  the  solution  is  heated. 
By  far  tibe  most  characteristic  reaction,  however,  is  that  with  free 
iodine,  which  forms  with  starch  a  deep  indigo-Uue  txnnpoand,  wfalcfa 
appears  to  dissolve  in  pure  water,  although  it  is  insoluble  in  solutioas 
containing  free  acid  or  saline  matter.  The  blue  liquid  has  its  oo]o>iir 
destroyed  l^  heat,  temporarily  if  the  heat  be  quickly  withdrawn,  aad 
permanently  if  the  boiling  be  long  continued,  in  which  case  the  oom- 
pound  is  decomposed  and  the  iodine  volatilized.  Starch  in  the  dry 
state,  put  into  ioidine-water,  acquires  a  purplish-black  colour. 

The  unaltered  and  the  gelatinous  starch,  in  a  dried  state,  have  the 
same  composition,  namely,  CsfUj^Ojo.  A  compound  of  starch  aad 
protoxide  of  lead  was  found  to  contain,  when  dried  at  212^  (100%), 
C«HMO«,+4PbO. 

Dextrin. — ^When  gelatinous  starch  is  boiled  with  a  small  qnao- 
tity  of  dilute  sulphuric,  hydrochloric,  or  indeed,  almost  any  acid,  it 
speedily  loses  its  consistency,  and  becomes  thin  and  limi»d,  frcin  having 
suffered  conversion  into  a  soluble  substance  resembling  gum,  called 
dextrin.*  The  experiment  is  most  conveniently  made  with  soJphaiic 
acid,  which  may  be  afterwards  withdrawn  by  saturation  with  chalk. 
The  liquid  filtered  from  the  nearly  insoluble  g3rp8am  maj  then  be 
evaporated  to  dryness  in  a  water>bath.  The  result  is  a  gum-like  mast, 
destitute  of  crystalline  structure,  soluble  in  cold  water,  and  pradpitsUe 
from  its  solution  by  alcohol,  and  capable  of  combining  with  protoade 
of  leal 

When  the  ebullition  with  the  dilute  add  is  continued  for  a  consider- 
able period,  the  dextrin  first  formed  undergoes  a  further  change,  and 
becomes  converted  into  grape-sugar,  which  can  be  thus  artificially  |nno- 
duoed  with  the  greatest  facility.  The  length  of  time  roquired  for  this 
remarkable  change  depends  upon  the  quantity  of  add  present ;  if  the 
latter  be  very  small,  it  is  necessary  to  continue  the  boiling  manysuoees- 
sive  hours,  replacing  the  water  which  evaporates.  With  a  burger  pro- 
portion of  add,  the  conversion  is  much  more  speedy.  A  mixture  of  15 
parts  of  potato^starch,  60  parts  water,  and  6  parts  sulphuric  acid,  may 
be  kept  boiling  for  about  four  hours ;  the  liquid  neutrslized  with  chalk, 
filtered,  and  rapidly  evaporated  to  a  small  bulk.  By  digestion  with 
animal  charcoal  and  a  second  filtration  much  of  the  colour  will  be  n^ 
moved,  after  which  the  solution  may  be  boiled  down  to  a  thin  syrup 
and  left  to  crystallise :  in  the  course  of  a  few  days  it  solidifies  to  a  mass 
of  grape-sugar.  There  is  another  method  of  preparing  this  substsnoe 
from  starch  which  deserves  particular  notice.  Germinating  seeds,  and 
buds  in  the  act  of  developement,  are  found  to  contain  a  small  quantity 
of  a  peculiar  azotized  substance,  formed  at  this  particular  period  froai 

*  From  its  actlan  on  polarised  light,  twisting  the  plane  of  polarlsatton 
toKordt  the  rtf^  hand. 
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the  glutin  or  yegetable  albuminous  matter,  to  which  the  nnme  diaakae 
is  given.  This  substance  possesses  the  same  curious  property  of  effect- 
ing the  conversion  oi  starch  into  dextrin,  and  ultimately  into  grape- 
sugar,  and  at  a  much  lower  temperature  than  that  of  ebullition.  A 
little  infusion  of  malt,  or  germinated  barley,  in  tepid  water,  mixed  with 
a  large  quantity  of  thick  gelatinous  starch,  and  the  whole  maintained 
at  160°  (71^C),  or  thereabouts,  occasions  complete  liquefaction  in  the 
space  of  a  few  minutes  from  the  production  of  d^trin,  which  in  its 
turn  becomes  in  three  or  four  hours  converted  into  sugar.  If  a  greater 
d^ee  of  heat  be  employed,  the  diastase  is  coagulated  and  renduvd  ln« 
soluble  and  inactive.  Very  little  is  known  respecting  diastase  itself;  it 
seems  very  much  to  resemble  vegetable  albumin,  but  has  never  been 
got  in  a  state  of  pmity. 

The  change  of  starch  or  dextrin  into  sugar,  whether  produoed  by 
the  action  of  dilute  add  or  by  diastase,  takes  place  quite  independently 
of  the  oxygen  of  the  air,  and  is  unaccompanied  by  any  secondiuy  pro- 
duct. The  add  takes  no  direct  part  in  the  reaction :  it  may,  if  not 
volatile,  be  all  withdrawn  without  loss  after  the  experiment.  The 
whole  reaction  lies  between  the  starch  and  the  elements  of  water ;  a 
fixation  of  the  Utter  occurring  in  the  new  product,  as  will  be  seen  at 
once  on  comparing  their  conffposition.  The  sugar,  in  &ct,  so  produoed, 
very  sensibly  exceeds  in  weight  the  starch  employe.!.  Dextrin  itself 
has  exactly  the  same  composition  as  the  original  starch. 

Dextrin  is  used  in  the  arts  as  a  substitute  for  gum :  it  is  sometimes 
made  in  the  manner  above  described,  but  more  frequently  by  heating 
dry  potato-starch  to  400°  (204° 'dC),  by  which  it  acquires  a  yellowish 
tint  and  becomes  soluble  in  cold  water.  It  is  sold  in  this  state  under 
the  appellation  of  British  Gum. 

Starch  is  an  important  article  of  food,  especially  when  associated  as 
in  ordinary  meal  with  albuminous  substances.  Arrow-ix)ot,  and  the 
fecula  of  the  Canna  coccinea,  are  very  pure  varieties,  employed  as 
articks  of  diet :  arrow-root  is  obtained  from  the  Maranta  onmdinao^o, 
cultivated  in  the  West  Indies :  it  is  with  difficulty  distinguished  from 
potato-stardi.  Tapioca  is  prepared  from  the  root  of  the  latropha 
manihotf  being  thoroughly  puriiied  from  its  poisonous  juice.  Cossora 
is  the  same  substance  modified  whilst  moist  by  heat.  Sago  is  made 
from  the  soft  central  portion  of  the  stem  of  a  palm-tree. 

Starch  from  Iceland  Moss. — The  lichen  called  Cetraria  Ulan- 
dica,  purified  by  a  little  cold  solution  of  potassa  from  a  bitter  priu- 
oiple,  yields,  when  boiled  in  water,  a  slimy  and  nearly  colourless  liquid, 
which  gelatioixes  on  cooling,  and  diies  up  to  a  yellowish  amorphous 
mass,  which  does  not  dissolve  in  cold  water,  but  merely  softens  and 
swells.  A  solution  of  this  substance  in  warm  water  is  not  affected  by 
iodine,  although  the  jelly,  on  the  contrary,  is  rendered  blue.  It  is  pre- 
cipitated by  alcohol,  acetate  of  lead,  and  iufusion  of  gaUs,  and  is  ooi!- 
verted  by  boiling  with  dilute  sulphuric  acid  into  grape-sugar.  Ac- 
cording to  Mulder,  lichen-starch  likewise  contains  C^iHtfin'    '^^^ 
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jelly  from  certain  aigcB^  as  that  of  Ceylon,  and  the  so-oalled  Cctrragkam 
911089,  dosely  resembles  the  above. 

Ikulin. — ^ThiB  substance,  which  differs  from  common  studi  in 
some  important  particulars,  is  found  in  the  root  of  the  Ifoda  heUnvmK, 
the  Heliantkaa  tuberesus,  the  dahiia,  and  sereral  other  plants :  it  may 
be  eaaly  obtained  by  washing  the  rasped  root  on  a  sieve,  and  allowii^ 
the  inulin  to  settle  down  from  the  liquid ;  or  by  catting  the  root  into 
thin  slices,  boiling  these  in  water,  and  filtering  while  hot :  the  inulin 
separates,  as  the  solution  cods.  It  is  a  white,  amorphous,  tustdea 
substance,  nearly  insoluble  in  cold  water,  but  freely  dissolved  by  the  aid 
of  heat ;  the  solution  is  precipitated  by  alcohol,  but  not  by  acetate  of 
lead  or  infusion  of  galls.  Iodine  communicates  a  brown  colour.  Inoiin 
has  been  analysed  by  Mr.  Pamell,  who  finds  it  to  contain,  when  dried 
at  2120  (io(A3),  C«H^O«^ 

Gum. — Oum-arabic,  which  is  the  produce  of  several  species  of  acacia, 
may  be  taken  as  the  most  perfect  type  of  this  class  of  bodies.  In  its 
purest  and  finest  condition,  it  forms  white  or  slightly-yellowish  irregular 
masses,  which  are  destitute  of  crystalline  structare,  and  break  with  a 
smooth  conchoidal  fitu:ture.  It  is  soluble  in  cold  water,  fbrmii^  a 
viscid,  adhesive,  tasteless  solution,  from  whidi  the  pure  soluble  gammy 
principle,  or  arabm,  is  precipitated  by  aloShol,  and  by  basic  acetate  of 
lead,  but  not  by  the  neutral  acetate.  Arabin  is  composed  of  C^iH^^Ogt 
and  is  consequently  isomeric  with  crystalliied  cane-sugar. 

Mucilage,  so  abundant  in  linseed,  in  the  roots  of  the  mallow,  in 
eaiep,  the  fleshy  root  of  Orchis  maecula,  and  in  other  plants,  difien  in 
some  respects  vrom  the  forcing,  although  it  agrees  in  the  property  of 
diosolving  in  cold  water.  The  solution  is  less  transpamt  than  that  of 
gam,  and  is  precipitated  by  neutral  acetate  of  lead.  Oum-tragaeantk 
is  chiefly  composed  of  a  kind  of  mucilage  to  which  the  name  bcMorm 
has  been  given,  and  which  refuses  to  dissolve  in  water,  merely  sofieniog 
and  assuming  a  gelatinous  aspect.  It  is  dissolved  by  caustic  alkali. 
Cerasin  is  the  term  given  to  the  insoluble  portion  of  ihe  gam  of  the 
cherry-tree ;  it  resembles  bassorin.  The  composition  of  these  various 
substances  has  been  carefully  examined  by  M.  Schmidt,  who  finds  that 
it  closely  agrees  with  that  of  starch.  Mucilage  invariably  contains 
hydrogen  and  oxygen  in  the  proportion  in  which  they  form  water,  and 
when  treated  with  acid,  yields  grape-sugar. 

Pectin,  or  the  jelly  of  fruits,  is,  in  its  physical  properties,  doady 
allied  to  the  foregoing  bodies.  It  may  be  extracted  from  various  v^e» 
table  juices  by  precipitation  by  means  of  alcohol.  It  forms  when  moist 
a  transparent  jelly,  soluble  in  water,  and  tasteless,  which  dries  up  to  a 
translucent  mass.  It  is  to  this  substance  that  the  firm  consistence  <^ 
currant-  and  other  fruit-jellies  is  ascribed.  According  to  M.  Fremy, 
the  composition  of  pectin  is  00411^0^.  By  ebullition  with  water 
and  with  dilute  acids  it  is  changcKl  into  two  isomeric  modifications^  to 
which  the  names  parapectin  and  metapectin  have  been  given.  In  con- 
tact with  boaas,  these  three  substances  become  converted  into  pecHc 
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acid,  which,  except  that  it  possesses  feeble  add  properties,  and  is  in 
soluble  in  water,  resembles  in  the  closest  manner  pectin  itself.  By 
long  boiling  with  solution  of  caustic  alkali,  a  further  chan^^e  is  pro- 
dnoed,  and  a  new  acid,  the  metapedic,  dereloped,  which  does  not 
selatinixe.  The  salts  of  these  two  acids  are  incapable  of  crystallizing. 
Their  composition  is  represented  by  the  following  formulsB : — 

Pecticacid  ....        2H0,C„H^0„ 

Metapectic  acid    ....         2HO,C„H„6„. 

Mach  doubt  still  exists  respecting  the  composition  of  the  various  bodies 
of  the  pectin  series :  they  do  not  appear,  from  the  analysis  yet  made, 
to  contain  oxygen  and  hydrogen  in  equal  equivalents,  and  consequently 
scarcely  belong  to  the  starch-group. 

LiONiN ;  CELLULOSE. — This  substance  constitutes  the  fundamental 
material  of  the  structure  of  plants :  it  is  employed  in  the  oi'ganization 
of  cells,  and  Tessels  of  all  kinds,  and  forms  a  large  proportion  of  the 
solid  parts  of  every  yegetable.  It  must  not  be  confounded  with  ligneous 
or  unody  tiasue,  which  is  in  reality  cellulose,  with  other  substances 
superadded,  which  encrust  the  walls  of  the  original  membranous  cells, 
and  confer  stiffness  and  inflexibility.  Thus  woody  tissue,  even  when 
freed  as  much  as  possible  from  colouring  matter  and  resin  by  repeated 
boiling  with  water  and  alcohol,  yields,  on  analysis  a  result  indicating 
an  excess  of  hydrogen  above  that  required  to  form  water  with  the 
oxygen,  besides  traces  of  nitrogen.  Pure  cellulose,  on  the  other  hand, 
is  a  ternary  compound  of  carbon  and  the  elements  of  water,  closely 
allied  in  composition  to  starch,  if  not  actually  isomeric  with  that  sub- 
stance.* 

The  properties  of  lignin  may  be  conveniently  studied  in  fine  linen 
and  cotton,  which  are  almost  entirely  composed  of  the  body  in  question, 
the  associated  vegetable  principles  having  been  removed  or  destroyed 
by  the  variety  of  treatment  to  which  the  fibre  has  been  subjected. 
Pure  lignin  is  tasteless,  insoluble  in  water  and  alcohol,  and  abso- 
lutely innutritions:  it  is  not  sensibly  affected  by  boiling  water,  unless 
it  happen  to  have  been  derived  from  a  soft  or  imperfectly-developed 
portion  of  the  plant,  in  which  case  it  is  disintegrated  and  rendered 
pulpy.  Dilute  acids  and  alkalis  exert  but  little  action  on  lignin,  even 
at  a  boiling  temperature:  strong  oil  of  vitriol  converts  it,  in  the 
cold,  into  a  nearly  colourless,  adhesive  substance,  which  dissolves  in 
water,  and  presents  the  characters  of  dextrin.  This  curious  and  in- 
teresting experiment  mny  be  conveniently  made  by  very  slowly  adding 
concentrated  sulphuric  acid  to  half  its  weight  of  lint,  or  linen  cut  into 
small  shreds,  taking  care  to  avoid  any  rise  of  temperature,  which  would 
be  attended  with  charring  or  blackening.  The  mixing  is  completed  by 
trituration  in  a  mortar,  and  the  whole  left  to  stand  a  few  houi*8 ;  afler 
whid)  it  is  rubbed  up  with  water,  and  warmed,  and  filtered  from  a 

•  Dumas,  *  Chimle  appUqnie  anz  Arts,'  vL  6. 
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little  insolable  matter.  The  solation  may  then  be  neatnliaed  witli 
chalk,  and  again  filtered.  The  gummy  liqnid  retains  lime,  partly  in 
the  state  of  sulphate,  and  partly  in  combination  with  a  pecoliar  add, 
oompoeed  of  the  elements  of  stUphnric,  in  union  with  those  of  the 
Ijgnin,  to  which  the  name  sulpholignic  acid  is  giren.  If  the  liqaid, 
preTious  to  nentralization,  be  boiled  during  three  or  four  hours,  and  tiie 
water  replaced  as  it  evaporates,  the  dextrin  becomes  entirely  changed 
to  grape-sugar.  Lineu  rags  may,  by  these  means,  be  made  to  forviA 
more  than  their  own  weight  of  that  substance.  If  a  piece  of  unsited 
paper  be  dipped  for  a  few  seconds  into  a  mixture  of  2  relumes  of 
concentrated  sulphuric  acid  and  1  volume  of  water,  and  then  thorou^y 
washed  with  water  and  dilute  ammonia,  a  substance  is  obtained  wLi<^ 
resembles  parchment,  and  has  the  same  composition  as  cellulose;  it 
occurs  in  commerce  under  the  name  of  parchment  paper  (papyrine). 
An  excellent  application  of  this  substance  in  diffusion  experiments  is 
mentioned  in  page  69. 

Cellulose  cotton,  for  instance,  dissolves  in  a  solution  of  oxide  of 
copper  in  ammonia  (a  solution  of  basic  carbonate  of  copper  in  stroi^ 
ammonia),  from  which  it  is  precipitated  by  acids  in  colourless  flakes. 

Lignin  is  not  coloured  by  iodine. 


PRODUCTS  ARISTNO    FROM    THE    ALTERATION  OP  TIIE   PBECEIiniO 
SUBSTANCES  BT  OHEHICAL  AGENTS. 

ACTION  OP  NITRIC  ACID. 

Oxalic  acid,  Cfi^,2}\0-\-4'BO, — ^This  important  compound  oocms 
ready-formed  in  several  plants,  in  combination  with  potassa  as  an 
acid  salt,  or  with  lime.  It  is  now  manufactured  in  large  quantities 
as  an  ai-ticle  of  commerce,  by  the  action  of  nitric  acid  on  sugar,  starch, 
and  dextrin.  With  the  exception  of  gum  and  sugar  of  milk,  which 
yield  another  product,  all  the  substances  comprehended  in  the  sac- 
charine and  starch  group  furnish  oxalic  acid,  as  the  chief  and  chanc- 
teri&tic  result  of  the  long-continued  action  of  moderately-strong  nitric 
acid  at  an  elevated  temperature. 

One  part  of  sugar  is  genci-ally  heated  in  a  retort  with  5  parts  of 
nitric  acid  of  sp.  gr.  1  '42,  diluted  with  twice  its  weight  of  water ; 
copious  red  fumes  are  disengaged,  and  the  oxidation  of  the  sugar  pro- 
ceeds with  violence  and  rapidity.  When  the  action  slackens,  heat  nuy 
be  again  applied  to  the  vessel,  and  the  liquid  concentrated,  by  dis- 
tilling off  the  superfluous  nitric  acid,  until  it  deposits  crystals  on 
cooling.  These  are  drained,  re«Iissolved  in  a  small  quantity  of  bot 
water,  and  the  solution  set  aside  to  cool. 

The  relation  of  oxalic  acid  to  sugar  is  obvious  from  the  following 
diagram  : — 
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The  mmt  important  salts  of  oxalic  add  are  the  following : — 

1  eq.  sugar     =  ^u^n'^nX  _  i   ^  ^*  <>xalic  acid  =  C^^Hn^^^ 
36  «q.  oxygen  =  0,^/  ~  1 10  eq.  water         =        H„Oj, 


Many  years  ago,  Gay-Lossac  observed  that  wood  and  several  other 
organic  substances  were  converted  into  oxalic  acid  by  fusion  with 
CBuatic  potassa.      Messrs.  Roberts,  Dale,  and  Co.  have  lately  founded 
upon  this  observation  a  new  method  for  the  preparation  of  uzalic  acid, 
which  furnishes  this  acid  much  cheaper  than  any  other  process.     A 
mixed  solution  of  the  hydrates  of  soda  and  potassa,  in  the^iroportion 
of  two  equivalents  of  the  former  to  one  of  the  latter,  is  evaporated  to 
about  1*35  fcp.  gr.  and  then  mixed  with  sawdust,  so  as  to  form  a  thiclc 
paste,  which  is  placed  in  thin  layers  on  iron  plates.    The  mixtare  is 
now  gradually  heated,  care  being  taken  to  keep  it  constantly  stirred. 
The  action  of  heat  expeU  a  quantity  of  water,  and  the  mass  power- 
fully intumeaces  with  disengagement  of  much  inflammable  gas,  con- 
sisting of  hydrogen  and  carbonetted  hydrogen.     The  mizture  is  now 
kept  for  some  hours  at  a  temperatuie  of  400°  (204*4^0),  care  being 
taken  to  avoid  charring,  which  would  cause  a  loss  of  oxalic  acid.     The 
product  thus  obtained  is  a  gray  powder ;  it  is  now  treated  with  water 
at  about  60°  (15*5°C),  which  leaves  the  oxalate  of  soda  undissolved, 
the  supernatant  liquid  is  drawn  off,  evaported  to  dryness,  and  heate*l 
in  furnaces  to  recover  the  alkalis,  which  are  caustified  and  used  for  a 
new  operation.    The  oxalate  of  soda  is  washed  and  decomposed  by 
boiling  with  hydrate  of  lime  and  the  resulting  oxalate  of  lime  again 
decompoeed  by  means  of  sulphuric  add.     The  liquid  decanted  from  the 
sulphate  of  lime  is  evaporat«xl  to  crystallixation  in  leaden  vessels,  and  the 
crystals  purified  by  recrystallization. 

The  add  separates  from  a  hot  solution  in  colourless,  transparent 
crystals  derived  from  an  oblique  rhombic  prism,  which  contain  six  equi- 
yaleuts  of  water,  two  of  these  being  baisic  and  inseparable,  except  by 
substitution  ;  the  other  four  may  be  expelled  by  a  very  gentle  heat, 
the  crystals  cnimbling  down  to  a  soft  white  powder,  which  may  be 
sublimed  in  great  measure  without  decomposition.  The  crystallized  add, 
on  the  contrary,  is  decomposed  by  a  high  temperature  into  carbonic 
and  formic  adds  and  cai'bouic  oxide,  without  leavmg  any  solid  residue. 

The  crystals  of  oxalic  add  dissolve  in  8  parts  of  water  at  60*^ 
(15°5C),  and  in  their  own  weight,  or  less,  of  hot  water:  they  are 
also  soluble  in  spirit.  The  aqueous  solution  has  an  intensely  sour 
taste  and  most  powerful  add  reaction,  and  is  highly  poisonous.  The 
proper  antidote  is  challc  or  magnesia.  Oxalic  add  is  decomposed  by 
hot  oil  of  vitriol  into  a  mixture  of  carbonic  oxide  and  carbonic  add : 
it  is  slowly  converted  into  carbonic  acid  by  nitric  add,  whence  arises 
a  considerable  loss  in  the  process  of  manufacture.  The  binoxides  of 
lead  and  manganese  effect  the  same  change,  becoming  reduced  to  prot- 
oxides, which  combine  with  the  unaltered  add. 
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Neutiial  oxalate  of  F0TAS3A,  2KO,C40«+2HO. — This  is  pre- 
pared by  DeutralisiDg  oxalic  add  by  carbonate  of  potasaa.  It  crTstal- 
lize«  in  traxuiparent  rhombic  prisms,  which  become  opaque  and  anhy- 
drous by  best,  and  dissolve  in  S  parts  of  water. 

BiKOXALATE  OF  P0TAS8A,  KO»HO,G40c+2HO. — Sometimes  Called 
S'lH  of  aorrei,  from  its  oocarrence  in  that  plant.  This,  or  the  substuoe 
next  to  be  mentioned,  is  foand  also  in  the  rumex  and  oxaHs  acetaseOa, 
and  in  the  garden  rhubarb,  associated  with  malic  add.  It  is  easily 
prepared  by  dividing  a  solution  of  oxalic  acid,  in  hot  vroter,  into  two 
equal  portions,  neutralizing  one  with  carbonate  of  potassa,  aiid  adding 
the  other ^  the  salt  crystallises,  on  cooling,  in  colourless  rhombic 
prisms.  The  crystals  have  a  sour  taste,  and  require  40  ports  of  oold, 
and  6  of  boiling  water  for  solution.  A  solution  of  this  salt  is  oAen 
used  for  remoying  ink  A'om  paper. 

QUADROXALATE  OP  POTASSA,  KO,HO,C^O,+  2HO,C40,+4HO. — 
Prepared  by  a  process  similar  in  principle  to  that  last  described.  The 
crystals  are  modified  octahedra,  and  are  less  soluble  than^  those  of  the 
binoxalate,  which  the  salt  in  other  respects  resembles. 

Oxalate  of  soda,  2NaO,C40e>  has  but  little  solubility ;  a  Hn^ialate 
exists. 

Oxalate  of  ammonia,  2NH40,C40«+2H0.— This  beautiful  salt  ■ 
prepared  by  neutralizing  by  carbonate  of  ammonia  a  hot  solutioa  of 
oxalic  add.     It  crystallizes  in  long,  colourless,  rhombic  prisms,  whidi 
effloresce  in  dry  air  from  loss  of  water  of  crystallization.     They  are 
not  very  soluble  in  cold  water,  but  freely  dissolve  by  the  aid  of  heat. 
Oxalate  of  ammonia  is  of  great  value  in  analytical  chemistry,  being 
employed  to  precipitate  lime  from   its  solutions.     When  ox^te  of 
ammonia  is  heated  in  a  retort,  it  is  completely  decomposed,  jrieMing 
water,  ammonia  and  carbonate  of  ammonia,  cyanogen  and  carbooic 
acid  gases^  and  a  small  quantity  of  a  peculiar  gnyish-white  suUimale. 
The  latter  bears  the  name  of  wcamide :  it  is  a  very  remarkable  body, 
and  forms  the  type  of  a  lai^  class  of  snbstanccs  containing  tiie 
elements  of  an  ammoniacal  salt,  minus  those  of  water.     Oxamide  is 
composed  of  C^H^N.O^,  i.  e.,  2NH«0,C40«— 4H0.    It  is  insoluble  in 
water  and  alcohol :  when  boiled  with  an  alkali,  it  fumishes  an  oxalate 
of  the  base,  and  ammonia,  which  is  expelled ;  and  wlien  heated  with  an 
add,  it  produces  an  ammoniacal  salt.     When  treated  with  nitxx>us  add 
it   likewise    reproduces    oxalic    acid,    pure    nitrogen    being   evolved 
C4H4N,04+2NO,sC40e,2HO+2HO+4N.      Oxamide  is  the  i^re- 
sentative  of  a  tolerably  large  class  of  bodies  having  very  analogous 
chemical  relations,  and  apparently  a  common  constitution.     Oxamide  is 
obtained  purer  and  more  abundantly  from  oxalic  ether ;  its  prepanitioa 
will  be  found  described  under  the  head  of  that  substance.     Oxalate  of 
ammonia,  when  distiUed  with  anhydrous  phosphoric  add,  loses  eight 
equivalents  of  water,  and  yields  a  considerable  quantity  of  cyanogeo, 
2NH40,C40c-8H03  2C,N.     There  ai^,  however,  other  oompoands 
simultaneously  produced. 
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The  frinoxalate  of  ammonia  is  still  lea  soluble  than  the  oxalate. 
When  this  salt  is  heated  in  an  oil-bath  to  450°  (232°- 2C),  among 
other  products  an  add  called  the  axcmuc  is  generated,  containing 
C^H,N04,H0,  •*.  tf.,  NH^0,H0,CA-2H0.  It  forms  soluble  oom- 
poands  with  lime  and  boiyta.  When  heated  with  alkalis  it  yields 
ammonia  and  an  oxalate ;  hot  oil  of  vitriol  resolves  it  into  carbonic 
oxide  and  carbonic  acid ;  and  water  convei-ts  it,  at  a  boiling  tempera- 
tare,  into  binoxalate  of  ammonia.  Oxamic  add,  too,  is  interesting  as 
the  type  of  a  very  large  class  of  similarly-constructed  compounds. 

Oxalate  op  lime,  2CaO,C40«+4HO.— This  compound  is  formed 
whenever  oxalic  acid  or  an  oxalate  is  added  to  a  soluble  fait  of  lime ; 
it  fiiiis  as  a  white  powder,  which  acquires  density  by  boiling,  and  is 
bat  little  soluble  in  dilute  hydrochloric,  and  entirely  insoluble  in  acetic 
acid.  Nitric  add  dissolves  it  easily.  When  dried  at  212°  (100°C)  it 
retains  an  equivalent  of  water,  which  may  be  driven  off  by  a  rather 
higher  temperature.  Exposed  to  a  red-heat  in  a  close  vessel,  it  is  oon- 
Terted  into  carbouate  of  lime,  with  escape  of  carbonic  oxide. 

The  oxalates  of  hartfta^  zmo,  mangcanese^  protoxide  of  iron,  copper, 
fdckei,  and  cobalt,  are  nearly  insoluble  in  water :  that  of  magnesia  is 
Bparii^ly  soluble,  and  that  of  the  sesqwoxide  of  iron  freely  soluble. 
The  diouble  oxalate  of  chromium  and  potassa,  made  by  dissolving  in 
hot  water  I  part  bichromate  of  potassa,  2  parts  binoxalate  of  potassa, 
and  2  parts  crystallized  oxalic  acid,  is  one  of  the  most  beautiful  salts 
known.  The  crystals  appear  black  by  reflected  light  from  the  in- 
tensity of  their  colour,  which  is  pure  deep  blue:  they  are  very  soluble. 
The  salt  contains  3(2KO,C40,)-f  2Cr,0„3C40e+ 12H0.  A  cornfspond- 
ing  compound  containing  sesquioxide  of  iron  has  lieen  formed :  it  crys- 
tallizes freely,  and  has  a  beautiful  green  colour. 

Sacoharic  aoid,  Ci,H,Oj4,2HO. — ^This  substance  was  once  thought 
to  he  identical  with  malic  add,  which  is  not  the  case :  it  is  fonned  bv 
the  action  of  dilute  nitric  acid  on  sng^ir,  and  is  often  produced  in  the 
preparation  of  oxalic  add,  being,  from  its  superior  solubility,  found  in 
the  mothei^liquor  from  which  the  oxalic  acid  has  crystallized.  It 
may  be  made  by  heating  together  1  part  sugar,  2  parts  nitric  add, 
and  10  parts  water.  When  the  reaction  seems  terminated,  the  add 
liquid  is  diloted,  neutralized  with  chalk,  and  the  filtrate  mixed  with 
acetate  of  lead.  The  insoluble  saccharate  of  lead  is  washed,  and  de- 
composed by  sulphuretted  hydrogen.  The  add  slowly  crystallizes 
from  a  solution  of  syrupy  consistence  in  long  colourless  needles:  it 
has  a  sour  taste,  and  forms  soluble  salts  with  lime  and  baryta.  When 
mixed  with  nitrate  of  silver,  it  gives  no  predpitate,  but,  on  the  addition 
of  ammonia,  a  white  insoluble  substance  separates,  which  is  reduced, 
by  gently  warming  the  whole,  to  metallic  silver,  the  vessel  being  lined 
with  a  smooth  and  brilliant  coating  of  the  metal.  Nitric  add  converts 
the  saccharic  into  oxalic  add. 

Xtloidin  and  pyboxtlin. — ^When  stardi  is  mixed  with  nitric 
add  of  specific  gravity  1  *  5,  it  is  converted  without  disengagement  of 
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gas,  into  a  transparent,  Golourlet>s  jellj,  which,  when  pat  into  vai 
yields  a  white,  ourdy,  insoluble  substance:  this  is  the  new  biKiy 
xykidin.  When  dry,  it  is  white  and  tastdesa,  inaolable  erai  in 
boiling  water,  but  fireely  dissolved  by  dilute  nitric  add,  and  the  mAtt^ 
lion  yields  oxalic  aoid  when  boiled.  Other  substances  belonging  to  tlM 
same  class  also  yield  zyloidin ;  paper  dipped  into  the  strongBSt  mtriQ 
acid,  quickly  plunged  into  water,  and  afterwards  dried,  beoomea  ia 
great  part  so  changed:  it  assumes  the  appearance  of  parohmcnty  and 
acquires  an  extraordinary  degree  of  combustibility. 

If  pure  finely-divided  ligneous  matter,  as  ootton-wool,  be  steeped  fi»r 
a  few  minutes  in  a  mixture  of  nitric  acid  of  sp.  gr.  1  *  5  and  conoeiktrKted 
sulphuric  add,  squeesed,  thoroughly  washed  and  dried  by  rtrj  gentle 
heat,  it  will  be  found  to  have  increased  in  weight  about  70  per  ont., 
and  to  have  become  in  the  highest  degree  explosive,  taking  fire  at 
a  temperature  not  much  above  300^  (148^*  8C),  and  burning  without 
smoke  or  residue.  This  is  pyroxylin^  the  gtm^coitan  of  ProfeaHKr 
Schoenbein.  Two  modifications  of  pyroxylin  are  known;  the  one  U 
insoluble  in  a  mixture  of  ether  and  alcohol,  whilst  the  other  is  readily 
dissolved.  To  a  solution  of  this  description  the  name  oMdkm  has 
been  given:  it  is  largely  used  in  photography  and  oocasioBallj  in 
surgery. 

Both  xyloidin  and  pyroxylin  appear  to  be  snbstituUon-oompomida^ 
in  which  the  dements  of  hyponitric  add  replace  respectively  2,  4,  or  6 
equivalents  of  hydrogen  in  starch  and  lignin.  The  analytical  roulta  are 
not  very  uniform,  but  the  formulae  which  best  agree  with  theoa  are, 
xyloidin  C^H„N,0„=CaJTIi,(NO^)JO^o,  and  pyroxilin  Cj^H^^K. 
Om=C«[H,J;NO,),]0„  and  C„H„N.0^=CJ:H„(N0JJ0^ 

An  analogous  compound  is  produeed  by  the  action  of  nitric  add  opoa 
mannite  (vide  p.  433).  This  substance  may  be  crystallised  from  spirit, 
and  contains  C^^^Vft^^  =  CJR^(SO^)fif:  it  may  be  viewed  as  naan- 
nite,  in  whfch  three  equivalents  of  hydrogen  are  replaced  by  hypo- 
nitric  acid. 

Mucic  AOID,  C„H,0,«,2H0.-— Sugar  of  milk  and  gum  heated  wHk 
nitric  acid,  somewhat  diluted,  furnish,  in  addition  to  a  small  quaotity 
of  oxalic  add,  a  white  and  nearly  insoluble  substance  called  muoh 
acid.  It  may  be  easily  prepared  by  heating  together  in  a  flask  or 
retort  1  part  of  milk-sugar,  or  gum,  4  parts  of  nitric  add,  and  1  of 
water:  Uie  mucic  add  is  afterwards  collected  upon  a  filter,  washed 
and  dried.  It  has  a  slightly-sour  taste,  reddens  vegetable  colours,  and 
forms  salts  with  bases.  It  requires  for  solution  66  parts  of  boUiBg 
water.  Oil  of  vitriol  dissolves  it  with  production  of  a  red  colaor* 
Mucic  add  is  decomposed  by  heat,  yielding,  among  other  produda,  a 
volatile  add,  the  pyr<nnucic,  which  is  soluble  in  water,  and  crystalliaca 
in  a  form  resembling  that  of  benzoic  add.  Pyromudc  add  is  moiio- 
basic :  it  contains  G,oH,05,HO. 

Sdberio  acid,  GiflHi,0c,2H0,  is  formed  by  the  action  of  nitric 
add  on  the  peculiar  ligneous  matter  of  cork,  and  also  on  certain  fatty 
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bodies:  it  madi  resembles  mudc  acid,  but  is  more  soluble  in  water. 
It  is  a  bibasic  acid.     See  further  on,  the  section  on  Oils  and  Fats. 

Tbe  following  bodies  are  closely  allied  in  oomposition  to  oxalic 
add:  — 

Mellitio  acid,  C80e,2HO. — This  substance  occurs  in  combina- 
tioa  with  alumina,  in  a  very  rare  mineral  called  mellite  or  honeys 
sUmtf  found  in  deposits  of  ligniU.  It  is  soluble  in  water  and  alcohol, 
and  M  crystallizable,  forming  colourless  needles.  It  combines  with 
bases:  the  mellitatea  of  the  alkalis  are  soluble  and  oystallizable ; 
those  of  the  earths  and  metals  proper  are  mostly  insoluble. 

Mellitate  of  ammonia  yields  by  distillation  two  curious  compounds, 
paramids  «id  ettchronic  acid.  The  former  is  a  white,  amorphous,  in- 
solable  substance,  containing  C9UNO4.  (».  e.,  bimellitate  of  ammonia — 
4  eq.  of  water),  and  convertible  by  boiling  with  water  into  bimellitate 
of  ammonia.  The  latter  forms  colourless,  sparingly-soluble  crystals, 
containing  in  tite  anhydrous  state  C,^N0«,2H0.  In  contact  with 
metallic  zinc  and  deondising  -agents  in  genend,  euchronic  add  yields  a 
deep-blue  insoluble  substance  called  euchavne, 

Khodizontc  and  cbooonic  acids. — When  potassium  is  heated  in  a 
stream  of  dry  carbonic  oxide  gas,  the  latter  is  absorbed  in  large  quan- 
tity, and  a  black  porous  substance  goierated,  which,  according  to  the 
analysis  of  Prof.  Brodie,  contains  K,CO.  Brought  in  contact  with  water 
it  decomposes  with  great  violence,  and  even  the  dry  substance  oocnsionally 
explodes ;  when  anhydrous  alcohol  is  poured  upon  it,  a  great  elevation 
of  temperature  ensues,  but  the  decomposition  is  &r  less  violent  than 
with  water.  The  product  of  this  reaction  is  rhodizonate  of  potassa, 
which  remains  as  a  red  powder,  insoluble  in  alcohol,  but  soluble  in 
water  with  a  deep  red  colour.  Rhodizonate  of  potassa  probably  con- 
tains CiJ&tOw  2K0. 

When  sdution  of  rhodizonate  of  potassa  is  boiled,  it  becomes  orange 
yellow  fi'om  decomposition  of  the  acid,  and  is  then  found  to  contain 
free  potassa,  and  a  salt  of  an  acid  to  which  the  term  crocontc  n 
applied.  This  acid  can  be  isolated :  it  is  yellow,  easily  ciystallizable, 
and  soluble  both  in  water  and  alcohol. 

Crystallized  crooonic  aoid  contains  Cj^Og,  2HO+6aq. 

THE  fermentation  OF  SUGAR  AND  ITS  PRODUCTS. 

The  term  fermentation  is  applied  in  chemistry  to  a  peculiar  meta- 
morphosis of  a  complex  organic  substance,  by  a  transposition  of  its  ele- 
ments under  the  agebcy  of  an  external  disturbing  force,  different  from 
ordinary  diemical  attraction,  and  more  resembling  those  obscure  pheno- 
mena of  contact  already  noticed,  to  which  the  expression  kataiysis  is 
sometimes  applied.  The  explanation  which  Liebig  has  suggested  of 
the  cause  and  nature  of  the  fermentative  change  is  a  very  happy  one, 
although  of  necessity  only  hypothetical  It  has  long  been  known  that 
one  of  the  most  indispensable  conditions  of  that  process  is  the  presence 
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in  the  fennentiog  liqakl  of  certain  azotized  snbstanoet,  called  fmrm&HU, 
whose  decomposition  proceeds  simultaneonslj  with  that  of  ihe  bodj 
undergoing  metamorphosis.  They  all  belong  to  the  dass  of  alburaiaoos 
principles,  bodies,  which  in  a  moist  condition  putrefy  and  deeompose 
spontaiieouslv'.  It  is  imagined  that  when  these  substances,  in  the  act 
of  undergoing  change  are  brought  into  contact  with  neutral  teroarj 
compound  of  slight  stability,  as  sugar,  the  molecular  disturbance  of 
the  body,  already  in  a  state  of  decomposition,  may  be,  as  H  were,  pn>- 
pagated  to  the  other,  and  bring  about  destruction  of  the  equiUbriom  <rf 
forces  to  which  it  owes  its  being.  The  complex  body  under  these  dr- 
cumstances  breaks  up  into  simpler  products,  which  possess  greater  per^ 
manence.  Whatever  may  be  the  ultimate  &te  of  this  iugenicua  hypo- 
thesis, it  is  certain  that  decomposing  azotised  bodies  not  only  do 
possess  very  energetic  and  extraordinary  powers  of  exciting  ferments- 
tion,  but  that  the  kind  of  fermentation  set  up  is,  in  a  great  degree, 
dependent  on  the  phase  or  stage  of  decomposition  of  the  fenneni. 

Aloouol  ;  VINOUS  FERMENTATION. — A  solution  of  pure  sugar,  ii 
an  open  or  close  vessel,  may  be  preserved  unaltered  f<«  any  length  of 
time ;  but,  if  putrescible  azotized  matters  be  present,  in  the  proper  state 
of  decay,  the  sugar  is  converted  into  alcohol,  with  escape  of  carbonic 
acid.  Putrid  blood,  white  of  egg,  or  flour-paste,  will  efiisct  this.  By 
fiir  the  most  potent  alcoholic  ferment  is,  however,  to  be  found  in  the 
insoluble,  yellowish,  viscid  matter  deposited  from  beer  in  the  net  offer- 
mentation,  called  yecat.  If  the  sugar  be  dissolved  in  a  Iar|(e  quantity 
of  water,  a  due  proportion  of  active  yeast  added,  and  the  whole  main- 
tained at  a  temperature  of  70^  (21^*  IC)  or  80°  (26°-6C),  the  change 
will  g'»  on  with  great  i-apidity.  The  gas  disengaged  will  be  found  to 
be  nearly  pure  carbonic  acid :  it  is  easily  collected  and  examined,  as  the 
fermentation,  once  commenced,  proceeds  perfectiy  well  in  a  dooe  vessel, 
as  a  large  bottle  or  flask,  fitted  with  a  cork  and  conducting^tube. 
When  the  effervescence  is  at  an  end,  and  the  liquid  has  become  dear, 
it  will  yield  alcohol  by  distillation.  Such  is  the  origin  of  this  important 
compound:  it  is  a  product  of  the  metamorphosis  of  sugar,  under  the 
influence  of  a  ferment. 

The  composition  of  alcohol  is  expressed  by  the  formula  C«H,0, :  it 
is  produced  by  the  breaking  up  of  an  equivalent  of  grape-sugar, 
Ci^HgfO^  into  4  eq.  of  alcohol,  8  of  carbonic  add,  and  4  of  water.* 
It  is  grape-sugar  alone  which  yields  alcohol,  the  ferment  in  the  experi- 
ment above  related  first  converting  the  cane-sugar  into  that  substance. 
Milk-sugar  may  sometimes  apparently  be  made  to  ferment;  but  a 
change  into  grape-sugar  always  really  precedes  the  production  of  alcohoL 

The  spirit  first  obtained  by  distilling  a  fennented  saccharine  liquid 
is  very  weak,  being  diluted  with  a  wx^  quantity  of  water.    By  a 

*  Side  by  side  with  this  principal  decomposltloo,  a  variety  of  other  changes 
are  sinraltaneoosly  aocompluhed.  Aooordlng  to  M.  Fssteor,  gtyoMin,  anodnic 
add,  oeUnloae,  fats,  and  oocasiwally  lactic  add,  are  observed  anuMic  the  pro- 
dacts  of  alcoholic  fermentation. 
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Rcond  diBtillatioii,  in  which  the  first  portions  of  the  distilled  liquid  are 
collected  apart,  it  may  be  greati j  strengthened :  the  whole  of  the 
water  cannot,  however,  be  thus  removed.  The  strongest  rectified 
spirit  of  wine  of  commerce  has  a  density  of  about  0*  835,  and  yet  con* 
tains  13  or  14  per  cent,  of  water.  Pure  or  absolute  alcohol  maj  be 
obtained  from  it  by  redistilling  it  with  half  its  weight  of  fresh  quick- 
linae.  The  lime  is  reduced  to  coarse  powder,  and  put  into  a  retort ; 
the  alcohol  is  added,  and  the  whole  mixed  by  agitation.  The  neck  of 
the  retort  is  securely  stopped  with  a  coik  and  the  mixture  left  for 
several  days.  The  alcohol  is  distilled  off  by  the  heat  of  a  water- 
bath. 

Pure  alcohol  is  a  colourless,  limpid  liquid,  of  pungent  and  agreeable 
taste  and  odour:  its  specific  gravity  at  60°  (15°- 5C)  is  0*7938,  and 
that  of  its  vapour  1*613.  it  is  very  inflammable,  burning  with  a 
psJe-blnish  flame,  free  from  smoke ;  it  has  never  been  frozen.  Alcohol 
boils  at  173^  (78°*4C)  when  in  the  anhydrous  condition:  in  a  diluted 
state,  the  boiling-point  is  higher,  being  progressively  raised  by  each 
addition  of  water.  In  the  act  of  dilution  a  contraction  of  volume 
OGcars,  and  the  temperatni'e  of  the  mixture  rises  many  d^rees :  this 
takes  place  not  only  with  pure  alcohol,  but  with  rectified  spirit.  It  is 
miscible  with  water  in  all  proportions,  and,  indeed,  has  a  great  attrac- 
tion for  the  latter,  absorbing  its  vapour  from  the  air,  and  abstracting 
the  moisture  from  membranes  and  other  similar  substances  immersed 
in  it.  The  solvent  powers  of  aloohol  are  very  extensive :  it  dissolves  a 
great  number  of  saline  compounds,  and  likewise  a  considerable  propor- 
tion of  potassa.  With  many  of  these  substances  it  forms  definite  com< 
pounds.  The  substance  which  is  produced  by  potassa  contains 
CfH^OyKO :  it  may  be  likewise  formed  by  acting  with  potassium  upon 
anhydrous  alcohol,  when  hydrogen  is  evolved.  Alcohol  dissolves, 
moreover,  many  organic  substances,  as  the  vegeto-alkalis,  refdns,  essen- 
tial oils,  and  various  other  bodies ;  hence  its  great  use  in  chemical  in- 
vestigations and  in  several  of  the  arts. 

The  strength  of  commercial  spii-it  is  inferred  from  its  density,  when 
free  from  sugar  and  other  substances  added  subsequent  to  distillation  : 
a  table  exhibiting  the  proportions  of  real  alcohol  and  water  in  spirits  of 
different  densities  will  be  found  at  the  end  of  the  volume.  The  excise 
proof  ^U  has  a  sp.  gr.  of  0*9198  at  60''  ri5°*5C),  and  contains  49^ 
per  cent,  by  weight  of  real  alcohol.  Methylated  Spirit  is  a  mixture  of 
90  per  cent,  of  spii'its  and  10  per  cent,  of  wood  spirit.  (See  Wood 
Spirit.)* 

*  The  Uf^  dntj  m  spirits  of  wine  in  this  cumitry  has  hitherto  Interfered 
with  the  development  of  many  hnmdies  of  Industry,  which  are  dependent  on 
the  free  use  of  this  Important  liquid.  The  labours  of  the  sdentltlc  chemist 
have  been  likewise  often  checked  by  this  inconvenience.  A  remedy  for  the 
evil  has  been  supplied  by  a  very  important  measure  pnmosed  and  carried  oat 
by  the  late  Jfr.  Jokn  Wood,  Chainnan  of  the  Board  of  Inland  Revenne.  This 
measure  oonslsis  in  issuing  for  manuftcturing  and  udentiflc  purposes,  duty 
free,  a  ndzture  of  90  per  cent,  of  spirits  of  wine  of  not  leas  strength  Ihan 
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Wine,  beer,  &c.,  owe  thdr  intoxicating  properties  to  the  alcohol  thej 
contain,  the  quantity  of  which  varies  very  much.  Port  and  sherry, 
and  some  other  strong  wines,  contain,  according  to  Mr.  Brande,  from 
19  to  25  per  cent,  of  alcohol,  while  in  the  lighter  wines  of  France  and 
Germany  it  sometimes  falls  as  low  as  1 2  per  cent.  Strong  ale  coataios 
about  10  per  cent. ;  ordinary  spirits,  as  brandy,  gin,  whidcy,  40  to  50 
per  cent.,  or  occasionally  more.  These  latter  owe  their  characteristic 
iJaTours  to  certain  essential  oils,  present  in  very  small  quantity,  eitlw 
generated  in  the  act  of  fermentation  or  purposely  added. 

In  making  wine,  the  expressed  juice  of  the  grape  is  simply  set  aside 
in  large  vats,  where  it  undei^oes  spontaneously  the  necessary  <jiange. 
The  vegetable  albumin  of  the  juice  absorbs  oxygen  from  the  air,  nms 
into  decomposition,  and  in  that  state  becomes  a  ferment  to  the  sugar, 
which  is  gradually  converted  into  alcohol.  If  the  sugar  be  in  excess, 
and  the  azotized  matter  deBcient,  the  resulting  wine  remains  sweet; 
bnt  if,  on  the  other  hand,  the  proportion  of  sugar  be  small,  and  that  of 
albumin  large,  a  dry  wine  is  produced.  When  the  fermentation  stops, 
and  the  liquor  becomes  clear,  it  is  drawn  off  from  the  lees,  and  trans- 
ferred to  casks,  to  ripen  and  improve. 

The  colour  of  red  wine  is  derived  from  the  skins  of  the  grapes, 
which  in  such  cases  are  lefl  in  the  fermenting  liquid.  Efferrescent 
wines,  as  champagne,  are  bottled  before  the  fermentation  is  oomplete ; 
the  carbonic  acid  is  disengaged  under  pressure,  and  retained  in  solution 
in  the  liquid.  A  certain  quantity  of  sugar  is  frequently  added.  The 
process  requires  much  delicate  management. 

During  the  fermentation  of  the  grape-juice,  or  must,  a  crystalline, 
stony  matter,  called  <trgolf  is  depoateid.  This  consists  chiefiy  of  acid 
tartrate  of  potnssa,  with  a  little  tartrate  of  lime  and  colouring  matter, 
and  is  the  source  of  all  the  tartaric  acid  met  with  in  commeroe.     The 


corresponds  to  a  density  of  0'830  with  10  per  cent,  of  purified  wood  ^>irit, 
\>  hich  is  now  sold  by  licensed  dealers  under  the  name  of  Metkj^atei  SfirU.  It 
appears  that  a  mixture  of  this  kind  Is  reodered  permanently  unfit  for  homaa 
consumption,  the  separation  of  the  two  substances  in  consequence  of  their  clone 
analogy  being  not  only  difflcull,  but  to  all  appearance  impoflsfble :  at  the  same 
time,  and  for  the  same  reasons,  thi  i  mixture  is  not  materially  Impaired  for  the 
greater  number  of  the  more  valuable  porposeei  In  the  arts  to  which  wpMU  are 
usually  employed.  Methylated  spirit  may  be  used,  instead  of  pure  spirit,  as  a 
solvent  of  resinous  substances,  as  a  solvent  employed  in  the  manuiacture 
of  many  chemical  preparations,  especially  of  the  alkaloids  snd  other  organic 
products.  It  may  be  used  for  the  prodnction  of  fulminating  mercury,  of  ether, 
of  chloroform,  iodoform,  defiant  gas,  and  all  Its  derivatives— In  fkct,  for  an 
endless  numbor  of  laboratory  purposes.  Methylated  spirits  may  be  substituted 
for  pure  spirits  In  the  preservation  of  anatomical  preparations.  The  introduc- 
tion of  this  spirit  has  already  exerted  a  very  beneficial  effect  upaa  the  develop- 
ment of  organic  chemistiy  In  this  country. 

See  Report  on  the  Supply  of  Spirits  of  Wine,  free  from  duty,  lor  use  in  the 
Arts  and  Manufoctures,  addresMd  to  the  Chairman  of  InUmd  Revenue,  If^ 
rnkmou  Graham,  Hofinann,  and  Redwood.  Quarterly  Journal  of  OhemkBl 
Society,  vol.  vllL,  p.  120. 
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Bait  in  qaestioD  exists  in  the  juice  in  considerable  qnantitj ;  it  is  but 

s|3«iringly  soluble  in  waUt,  but  still  less  so  in  dilute  alcohol ;  hence,  as 

tbe  fermentation  proceeds,  and  the  quantity  of  spirit  increases,  it  is 

slowly  deposited.    The  acid  of  the  juice  is  thus  removed  as  the  sugar 

disappears.     It  is  this  circumstance  which  renders  grape-juice  alone 

fit  for  making  good  wine :  when  that  of  gooseberries  or  currants  is 

employed  as  a  substitute,  the  noalic  and  citric  acids  which  these  fruite 

contain  cannot  be  thus  withdrawn.    There  is,  then,  no  other  resource 

but  to  add  sugar  in   sufficient  quantity  to  mask  and  ooncesl  the 

natural  acklity  of  the  liquor.     Such  wines  are  necessanly  acescent, 

ptx>iie  to  a  second  fermentation,  and,  to  many  persons  at  least,  very 

anwholesome. 

Beer  is  a  well-known  liquor,  of  great  antiquity,  prepared  from  ger- 
minated grain,  generally  barley,  and  is  used  in  countries  where  the  vine 
doea  not  flourish.  The  operation  of  malting  is  pei-formed  by  steeping 
the  barley  in  water  until  the  grains  become  swollen  and  soft,  then 
piling  it  in  a  heap  or  couchf  to  favour  the  elevation  of  temperaturo 
caaaed  by  the  absorption  of  oxygen  from  the  air,  and  afterwards 
spreading  it  upon  a  floor,  and  tuniing  it  over  from  time  to  time 
to  prevent  unequal  heating.  When  germination  has  proceeded  far 
enough,  the  vitality  of  the  seed  is  destroyed  by  kiln-drying.  During 
this  process,  the  curious  substance  already  referred  to^  diastase,  is 
produced,  and  a  portion  of  tbe  starch  of  the  grain  converted  into  sugar, 
and  rendered  soluble. 

In  brewing,  the  crushed  malt  is  infused  in  water  at  about  170° 
(76^*60),  and  the  mixture  left  to  stand  during  the  space  of  two  hours 
or  more.  The  easily  soluble  diastase  has  thus  an  opportunity  of 
acting  upon  the  unaltered  stai'ch  of  the  grain,  and  changing  it  into 
dextrin  and  sugar.  The  clear  liquor,  or  wort,  strained  from  the  ex- 
hausted malt,  is  next  pumped  up  into  a  copper  boiler,  and  boiled  with 
the  requiiiiite  quantity  of  hops,  for  communicating  a  pleasant  bitter 
flarour,  and  conferring  on  the  beer  the  property  of  keeping  without 
injury.  The  flowers  of  the  hop  contain  a  bitter,  resinous  principle, 
called  lupuiifif  and  an  essential  oil,  both  of  which  are  useful. 

When  the  wort  has  been  sufficiently  boiled,  it  is  drawn  from  the 
copper,  and  cooled,  as  rapidly  as  possible,  to  near  the  ordinary  tem- 
perature of  the  air,  in  order  to  avoid  an  irregular  acid  fermentation,  to 
which  it  would  otherwise  be  liable.  It  is  then  transferred  to  the  fer- 
menting vessels,  which  in  large  breweries  are  of  great  capacity,  and 
mixed  with  a  quantity  of  yeast,  the  product  of  a  preceding  operation, 
by  which  the  diange  is  speedily  induced.  This  is  the  most  critical 
part  of  the  whole  operation,  and  one  in  which  the  skill  and  judgment 
of  the  brewer  are  most  called  into  play.  The  process  is  in  some 
measure  under  control  by  attention  to  the  temperature  of  the  liquid ; 
and  the  extent  to  which  the  change  has  been  carried  is  easily  known 
by  the  diminished  density,  or  attenuaiion  of  the  wort.  The  fermenta- 
tion is  never,  suffered  to  run  its  full  course,  but  is  alway*  stopped  at  a 

2a 
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particular  point,  by  separating  the  yeasi,  and 'drawing  off  the  beer  info 
casics.  A  slow,  and  almost  insensible  fermentation  suooeeds,  which  in 
time  renders  the  beer  stronger  and  less  sweet  than  when  new,  and 
charges  it  with  cai'benic  acid. 

HighlyHiobared  beer  is  made  by  adding  to  the  malt  a  small  quantity 
of  stron^y-dried  or  charred  malt,  the  sugar  of  which  has  been  dianged 
to  caramel :  porter  and  stout  are  so  prepared. 

The  yeast  of  beer  is  a  very  remarkable  substance,  and  has  excited 
much  attention.  To  the  naked  eye  it  is  a  greyish-yellow  soft  solid, 
nearly  insoluble  in  water,  and  dries  up  to  a  pale-brownish  mass,  whidi 
readily  putredes  when  moistened,  and  becomes  offensive.  Under  the 
microscope  it  exhibits  a  kind  of  oiganized  appearance,  being  noade  up 
of  little  tianspai«nt  globules,  which  sometimes  cohere  in  duntera  or 
strings,  like  some  of  the  lowest  members-  of  the  vegetable  kingdom. 
Whatever  may  be  the  resl  nature  of  the  substance,  no  doubt  can  exist 
that  it  is  formed  from  the  soluble  azotized  ]H>rtion  of  the  grain  during 
the  fermentative  process.  Ko  yeast  is  ever  produced  in  liquids  free 
from  azotized  matter  ;  that  added  for  the  purpose  of  exciting  fermen* 
tation  in  pure  sugar  is  destroyed,  and  rendered  inert  thereby.  When 
yeast  is  deprived,  by  straining  and  strong  pressure,  of  as  much  water 
as  possible^  it  may  be  kept  in  a  cool  place,  with  unaltered  properties, 
jbr  a  long  time ;  otherwise  it  speedily  spoils. 

The  distiller,  who  prepai-es  spiiits  from  grain,  makes  his  wort,  or 
wash,  much  in  the  same  manner  as  the  brewer:  he  uses,  however, 
with  the  malt  a  large  quantity  of  raw  grain,  the  starch  of  whidi 
suffers  conversion  into  sugar  by  the  diastase  of  the  malt,  which  ii 
sufficient  for  his  purpose.  He  does  not  boil  his  infuuon  with  hops« 
but  proceeds  at  once  to  the  feimentation,  which  he  pushes  as  &r  as 
possible  by  large  and  repeated  doses  of  yeast.  Alcohol  is  manufiuy 
tured  in  many  cases  from  potatoes :  the  potatoes  are  ground  to  pulp, 
mixed  with  hot  water  and  a  little  malt,  to  furnish  diastase,  made  to 
ferment,  and  then  the  fluid  portion  distilled-  The  potato-spirit  is  con- 
taminated by  a  very  offensive  volatile  oil,  again  to  be  mentioned; 
the  crude  product  from  com  contains  a  suWtanoe  of  a  similar  kind« 
The  business  o£  the  rectifier  consists  in  removing  or  modifying  these 
volatile  oils,  and  in  replacing  them  by  others  of  a  more  agreeable  cha« 
xacter. 

In  making  bread,  the  vinous  fermentation  playa  an  important  part : 
the  yeast  added  to  the  dough  converts  the  small  portion  of  sugar  the 
meal  naturally  contains  into  alcohol  and  carbonic  acid.  The  gas  thus 
disengaged  forces  the  tough  and  adhesive  materials  into  bubbles,  which 
are  still  further  expanded  by  the  heat  of  the  oven,  which  at  the  same 
time  dissipates  the  alcohol ;  hence  the  light  and  spongy  texture  of  all 
good  bread.  Sometimes  carbonate  of  ammonia  is  employed  with  the 
same  view,  being  completely  volatilized  by  the  high  temperature  of  the 
oven.  Bread  is  now  sometimes  made  by  mixing  a  little  hydrodiloric 
acid  and  carbonate  of  soda  in  the  dough:  if  proper  proportuns  ba 
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fBken,  and  the  whole  thoroughly  mixed,  the  operation  appears  to  he 
rexj  snoceMfal.  The  use  of  leaven  is  one  of  great  antiquity :  this  is 
mereW  dough  in  a  state  of  incipient  putrefaction.  When  mixed  with 
a  large  quantity  of  fresh  dough,  it  excites  in  the  latter  the  alcoholic 
fermentation,  in  the  same  manner  as  yeast,  hut  leas  perfectly :  it  is  apt 
to  communicate  a  disagreeable  sour  taste  and  odour. 

Lactic  acid;  lachc  acid  fermentation;  buttric  acid 
FEBMBMTATioar. — Azotized  albuminous  sutetances,  which  in  an  ad- 
Tanced  state  of  putre&ctive  change  act  as  alcohol-ferments,  oflen  pos- 
sess, at  certain  periods  of  decay,  the  property  of  inducing  an  add 
fermentation  in  sugar,  the  consequence  of  which  is  the  conversion  of 
ibai  substance  into  lactic  acid.  Thus,  the  azotized  matter  of  malt, 
when  suffered  to  putrefy  in  water  for  a  few  days,  acquires  the  power 
cf  acidifying  the  sugar  which  accompanies  it,  while  in  a  more  ad- 
vanced state  of  decomposition  it  converts,  under  similar  circumstances, 
the  sugar  into  alcohol.  The  glutin  of  grain  behaves  in  the  same 
manner :  wheat  flour,  made  into  a  paste  with  water,  and  left  four  or 
five  days  in  a  warm  situation,  becomes  a  true  lactic  acid  ferment ;  if 
left  a  day  or  two  longer,  it  changes  its  character,  and  then  acts  like 
common  yeast.  Moist  animal  membranes,  in  a  slightly-decaying  oon« 
dition,  often  act  enei^etically  in  dcTeloping  lactic  acid. 

Cane-sugar,  probably  by  previously  becoming  grape-sugar,  and  the 
ragar  of  milk,  both  yield  laotic  acid,  the  latter,  however,  most  readily, 
the  grape-sugar  having  a  strong  tendency  towards  the  alcoholic  change. 
A  good  method  of  preparing  lactic  acid  is  the  following.  An  addi- 
tional quantity  of  milk-sugar  is  dissolved  in  ordinary  milk,  which  is 
then  set  aside  in  a  warm  place,  until  it  becomes  sour  and  coagulated. 
The  casein  of  the  milk  absorbs  oxygen  from  the  air,  runs  into  putre- 
fiK^tion,  and  addifies  a  portion  of  the  sugar.  The  lactic  acid  formed, 
after  a  time  coagulates  and  renders  insoluble  the  casein,  and  the  pro- 
duction of  that  add  ceases.  By  carefully  neutralizing,  however,  the 
free  add  by  carbonate  of  soda,  the  casein  becomes  soluble,  and  resuming 
its  activity,  changes  a  fresh  quantity  of  sugar  into  lactic  add,  which 
may  be  also  neutralized,  and  by  a  suflicient  number  of  repetitions  of  this 
process  all  the  sugar  of  milk  present  may,  in  time,  be  acidified.  When 
this  has  taken  place,  the  liquid  is  boiled,  filtered,  and  evaporated  to  dry- 
ness in  a  water-bath.  The  residue  is  treated  with  hot  alcohol,  which 
dissolves  out  the  bctate  of  soda.  The  alcoholic  solution  may  then  be 
decomposed  by  the  cautiotis  addition  of  sulphuric  acid,  which  precipi- 
tates sulphate  of  soda,  insoluble  in  spirit.  The  free  acid  may,  if  need- 
fbl,  be  neutralized  with  lime,  and  the  resulting  salt  purified  by  re- 
crystallization  and  the  use  of  animal  charcoal,  after  which  it  may  be 
decomposed  by  oxalic  add. 

The  following  process  will  be  found  more  economical  on  a  large 
•cale :  A  mixture  is  made  of  two  gallons  of  milk,  which  may  be  stale 
or  skimmed  milk,  six  pounds  of  raw  sugar,  twelve  pints  of  water, 
eight  ounces  of  putrid  cheese,  and  four  pounds  of  chalk,  which  shouldt 
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be  mixed  up  to  a  creamy  consistence  with  some  of  the  liqoid.  His 
mixture  is  exposed  in  a  looselj-covered  jar  to  a  bempei-atare  of  about 
860  ^30°0),  with  occasioDal  stirring.  At  the  end  of  two  or  three 
weeks  it  will  be  foond  converted  into  a  semi-solid  mass  of  lactate  of 
lime,  which  may  be  drained,  pressed,  and  purified  by  re-crystaJlizatioii 
from  water. 

The  lactate  of  lime  may  be  decomposed  by  the  necessary  quantity 
of  pure  oxalic  acid,  the  filtered  liquor  neutralised  with  caibonate  of 
sine,  and,  after  a  second  filtration,  evaporated  until  the  zinc-salt  crys- 
tallizes out  on  cooling.  An  important  modification  of  this  proces 
ooasists  in  employing  commercial  zinc  white  instead  of  i)owdered  chalk, 
which  yields  at  once  difficultly  soluble  lactate  of  zinc  easily  purified 
by  re-crystallization.  The  lactate  of  zinc  may,  la&tly,  be  re-dissolved 
in  water,  and  decomposed  by  sulphuretted  hydrogen,  in  order  to  obtkin 
the  free  acid.  Along  with  the  lactic  acid  a  certain  quantity  of 
mannite  is  invariably  fonned.  This  is  separated  by  agitating  the  ooc^ 
centrated  aqueous  solution  with  ether,  in  which  lactic  acid  alone  is  soluble. 

If  in  the  first  part  of  the  process  of  preparing  lactic  acid  by  means 
of  chalk  the  solid  lactate  of  lime  be  not  removed  at  tlie  proper  period 
from  the  fermenting  liquid,  it  will  gradually  re-dissolve  and  disappear. 
On  examination  the  liquid  will  then  be  found  to  consist  chiefiy  of  a  ao> 
lution  of  butyratg  of  litne. 

This  second  stage  of  the  process,  to  which  the  name  of  butyric  add 
fermentation  has  been  given,  is  attended  with  an  evolution  of  hydrogen 
and  carbonic  acid.  It  will  be  mentioned  more  in  detail  under  the 
head  of  butyric  acid. 

Lactic  acid  may  be  extracted  from  a  great  variety  of  liquids  ooo- 
taining  decomposing  organic  matter,  as  sauerkraut,  a  preparation  of 
white  cabbage ;  the  sour  liquor  of  the  starch-maker,  &c. 

Lactic  acid  has  been  produced  artificially  in  a  mof^t  remarkable  maiK 
ner  by  the  action  of  nitrous  acid  upon  alanine,  (See  the  Section  on 
Organic  Bases.)  Quite  recently  it  has  been  produced  by  the  oxidation 
of  propyl-glycol,  by  treating  chloro-propionic  acid  with  oxide  of  silver, 
and  lastly,  by  the  action  of  hydrate  of  potassa  on  glyceric  acid.  (Sea 
further  on.) 

Solution  of  lactic  acid  may  be  concentrated  in  the  vacuum  of  the 
air-pump,  over  a  surface  of  oil  of  vitriol,  until  it  appears  as  a  oolourleasp 
syrupy  liquid,  of  sp.  gr.  1'215.  It  has  an  intensely-aour  taste  and 
add  reaction :  it  is  hygroscopic^  and  very  soluble  in  water,  alcohol, 
and  ether.  It  forms  soluble  salts  with  all  the  metallic  oxides.  The 
syrupy  acid  contains  CQ}ifi^-^2liO,  the  water  being  basic,  and  soa- 
oeptible  of  replacement  by  metallic  oxides. 

When  syrupy  lactic  acid  is  heated  in  a  retort  to  266°  (130°C), 
wtiter  containing  a  little  lactic  acid  distils  over,  and  the  residue  oa 
coolinfir  forms  a  yellowish  solid  fusible  masit,  very  bitter,  and  nearly 
insoluble  in  water.  This  is  lactic  acid  which  has  lost  I  eq.  of  water, 
CqU^O^.     Long-continued  boiling  with  water  convei'ts  it  into  ordi- 
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*naary  lactic  add.  When  this  substance  is  further  heated  it  decom- 
poses, yielding  numerous  products.  One  of  these  is  hctide,  or 
anhydrous  lactic  add,  a  yolatiie  substance,  crystallising  in  brilliant 
colourless,  rhombic  plates,  which,  when  put  into  water,  slowly  dis- 
solve, with  production  of  common  lactic  add.  Lactide  contains 
C6H4O4:  it  combines  with  ammonia,  forming  laetamide,  CsHyKO^,  a 
colourless,  crystalliaable,  soluble  substance,  resembling  oxamide  in  ite 
chemical  relations.  Another  product  of  the  action  of  heat  on  lactic 
add  is  hctone,  a  colourless  volatiie  liquid,  boiling  at  198°  (92°- 2C). 
Acetone  is  also  formed,  and  carbonic  oxide  and  carbonic  acid  are  dis- 
engaged. Lactic  acid  is  converted  into  propionic  acid  (C^HgO^)  by 
digestion  with  concentrated  hydriodic  at-id,  iodine  being  liberated: 
C«HeOe  +  2HI  =  21  +  2H0  -f-CeH.O,. 

A  salt  of  lactic  acid,  gently  heated  with  five  or  six  parts  of  oil  of 
Titriol,  yields  an  enormous  quantity  of  perfectly  pure  cai'bonic  oxide 


The  most  important  and  characteristic  of  the  hictates  are  those  of 
lime  and  the  oxide  of  zinc. 

Lactate  op  lime,  CaO.HCC.H^O^+SHO,  exists  ready-formed, 
to  a  small  extent,  in  Nux  vomica.  When  pure,  it  crystallizes  in  tufts  of 
minute  white  needles  grouped  in  concentric  layers.  It  dissolves  in 
10  parts  of  cold,  and  indefinitely  in  boiling  water,  melting  in  its  water 
of  crystallization  at  that  temperature. 

LACTATE  OP  ZINC,  ZnO,HO,C,H^O^+3eO,  is  deposited  from  a 
hot  solution  in  small  brilliant  4-sided  prismatic  crystals,  which  require 
for  solution  58  parts  of  cold  and  6  of  boiling  water. 

Lactate  of  protoxide  op  iron,  FeO,HO,CeH<04+3HO,  is  now 
lued  in  medicine.  It  is  prepared  by  adding  alcohol  to  a  mixture  of 
lactate  of  ammonia  and  protochloriJe  of  iron,  when  the  salt  is  predpi- 
tated  in  the  form  of  small  yellowish  needles. 

Lactate  op  protoxide  of  tin,  2SnO,C,H404,  is  obtamed  by  mix- 
ing a  solution  of  protochloride  of  tin  with  lactate  of  soda. 

Lactic  acid  has  been  supposed  to  exist  in  the  blood,  urine,  and  other 
animal  fluids.  Most  careful  i-esearches  have,  however,  failed  to  detect 
it  in  either  blood  or  urine,  although  Liebig  has  found  considerable 
qnantities  of  an  acid  closely  resembling  lactic  acid  in  the  juice  of  flesh 
or  muscle.  However,  the  salU  of  this  acid,  which  is  called  paralactic 
add,  essentially  differ  from  the  lactates.  Paralactic  acid  is  probably 
monobasic  ;  heated  to  264°  (130°C)  it  is  converted  into  lactic  anhydride, 
which  gradually  passes  into  common  lactic  acid  by  boiling  with  water. 
IWactate  of  zinc,  ZnO,C,H404+2HO,  is  more  soluble  in  water  and 
alcohol,  and  contains  less  water  of  crystallization  than  lactate  of  zinc- 
When  the  expressed  juice  of  the  beet  is  exposed  to  a  temperature 
of  90-'  (32<'-2C)  or  100°  (37°-7C)  for  a  considei-able  time,  the  sugar 
it  contains  suffers  a  peculiar  kind  of  fermenUtion,  to  which  the  term 
viscous  has  been  applied.  Gases  are  evolved  which  contain  hydrogen, 
and  when  the  change  appeai-a  complete,  and  the  products  come  to  be 
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examioed,  the  sugar  is  found  to  have  disappeared.  Mere  traces  of  aloolKil 
are  prodaoed ;  but,  in  place  of  that  subittance,  a  quantity  of  lactic  add, 
mannite,  and  a  mucilaginous  substance  resembling  gam-«rabicy  and 
said  to  be  identical  with  gum  in  composition. 

Pore  sugar  can  be  converted  into  this  substance :  by  boiling  yeast  or 
the  glutin  of  wheat  in  water,  dissolving  sugar  in  the  filtered  solatioa, 
and  exposing  it  to  a  tolerably  high  temperature,  the  tisoous  frrmenta- 
timi  is  set  up,  and  a  large  quantity  of  the  gummy  principle  genented. 
A  little  gas  is  at  the  same  time  disoigaged,  which  is  a  mixture  of 
bonic  add  and  hydrogen. 


FBODDCTS  OF  THE  ACTION  OF  ACIDS  ON  ALOOHOL. 

Ether  ;  oxtde  of  ethyl. — When  equal  weights  of  rectified  spirit 
and  oil  of  Titriol  are  mixed  in  a  retort,  the  latter  connected  with  a 
good  condensing  arrangement,  and  the  liquid  heated  to  ebullition,  a 
colourless  and  highly-volatile  liquid,  long  known  under  the  name  of 
ether,  or  sulphuric  ether,  distils  over.  The  process  must  be  stopped  as 
soon  as  the  contents  of  the  retort  blacken  and  froth,  otherwise  the  pro- 
duct will  be  contaminated  with  other  substances,  whidi  then  make 
their  appearance.  The  ether  obtained  may  be  mixed  with  a  little 
caustic  potassa,  and  re-distilled  by  a  very  gentle  heat. 

Pure  ether  is  a  oolourlesR,  transparent,  fragraut  liquid,  very  thin  and 
mobile.  lU  sp.  gr.  at  60°  {lb'''  5C)  is  about  0*720 :  it  boils  at  96^ 
f35°'5C)  under  the  pre»ure  of  the  atmosphere,  and  bears  without 
freezing  the  severest  cold.  When  dropped  on  the  hand  it  occasion  a 
sharp  sensation  of  cold,  fix>m  its  rapid  volatilization.  Ether  is  very  com- 
bustible :  it  bums  with  a  white  flame,  generating  water  and  carbonic 
acid.  Although  the  substance  itself  is  one  of  the  lightest  of  liquids,  its 
yapour  is  very  heavy,  having  a  density  of  2*5d6.  Mixed  with  oxygen 
gas,  and  fired  by  the  electric  spark,  or  otherwise,  it  explodes  with  the 
utmost  violence.  Preserved  in  an  imperfectly-stopped  vessel,  ether 
absorbs  oxygen,  and  becomes  acid  from  the  production  of  acetic  add ; 
this  attraction  for  oxygen  is  increased  by  elevation  of  temperature.  It 
is  decomposed  by  transmission  through  a  red-hot  tube  into  defiant 
gas,  light  carbonetted  hydrogen,  and  two  substances  yet  to  be  described, 
aldehyde  and  acetylen. 

Ether  is  misdble  with  alcohol  in  all  proportions,  but  not  with  water : 
it  dissolves  to  a  small  extent  in  that  liquid,  10  parts  of  water  taking  up 
i  part,  or  thereabouts,  of  ether.  It  may  be  sepaitited  from  alcohol 
provided  the  quantity  of  the  latter  be  not  excessive,  by  an  addition  of 
water,  and  in  this  manner  samples  of  commercial  eUier  may  be  con- 
veniently examined.  Ether  is  a  solvent  for  oily  and  fatty  substances 
generally,  and  phosphorus  to  a  small  extent,  a  few  saline  compounds 
and  some  oi^anic  prindples,  but  its  powers  in  this  respect  are  much 
more  limited  than  those  of  alcohol  or  water. 
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Ether  was  the  first  of  a  great  number  of  analogous  sul)stance6  in 
which  the  property  of  producing  temporary  insensibilitj  to  pain  was 
recognized.  In  surgical  operatiouf,  the  Use  of  ether  is  now  superseded 
hy  that  of  diloroform. 

Ether  is  found  by  analysis  to  contain  C4H5O;  it  tlierefore  differs 
from  alcohol,  C^H^O,,  by  the  elements  6f  water.  Alcohol  is  often 
r^arded  as  the  hydrate  of* ether;  but  as  ether  cannot  be  made  to 
combine  with  water  du'ectly,  aild  as  'alcohol  cannot  be  converted  into 
ether  by  the  abstractiofa  of  water 'by  the  aid  of  substances  known  to 
possess  a  strong  affinity  f6r  that  body,  such  a  view  was  always  looked 
upon  as  hypothetical.  Recent  eip^riroents  have,  in  fact,  shown  that  a 
very  different  relation  exists  between  alcohol  and  ether.  We  shall 
return  to  these  researches,  when  we  consider  the  theory  of  the  pro- 
duction of  ether,  which  'will  he  discussed  partly  in  connection  with 
the  history  of  sulphovinic  acid,  and  pai-tly  with  that  of  the  methyl- 
compounds. 

CoMi»ocrND  ethers;  ETHYL-TnEORr;  ETHYL. — ^The  so-called  com- 
pound ethers  constitute  a  very  large  and  important  class  of  substances 
derived  from  alcohol,  and  containing  either  the  elements  of  ether,  in 
combination  with  those  of  an  oxygen-acid,  inorganic  or  organic,  or  the 
elements  of  oletiant  gas  in  union  with  those  of  a  hydrogen-acid.  The 
relations  of  these  compounds  to  alcohol  and  the  acids  are  most  simply 
and  clearly  illustrated  by  comparing  them  with  ordinary  salts,  in  which 
the  metal  is  replaced  by  a  salt-basyle  termed  ethyly  containing  C4Hg* 
This  substance  forms  haloid-salts  by  combining  with  chlorine,  iodine, 
bromine,  &c.,  and  its  oxide,  identical  or  isomeric  with  common  ether, 
with  oxygen-acids,  like  basic  metallic  oxides  in  general.  A  body  con- 
taining carbon  and  hydrogen  in  the  proportions  indicated  by  the  for- 
mula C^Hjt  has  been  obtained  by  Dr.  Frankland,  from  one  of  the 
members  of  this  group  of  compounds,  and  described  under  the  name 
of  ethyl.  It  is  formed  by  exposing  dry  iodide  of  ethyl,  in  sealed 
tubes,  for  several  hours,  to  the  action  of  finely-divided  metallic  zinc, 
at  a  temperature  of  from  320°  (160°C)  to  338*  (170°C). 

In  this  reaction,  the  iodine  of  the  iodide  of  ethyl,  C^H^I,  combines 
With  the  zinc,  and  ethyl  is  set  free.  On  opening  the  sealed  tubes,  and 
allowing  the  gas,  which  is  ethyl  mixed  with  several  seo(»idary  pro- 
ducts (especially  defiant  gas),  to  pass  into  a  freezing  mixture,  the 
temperature  of  which  is  kept  below  -  9°  (-  23°C),  the  ethyl  condenses 
to  a  oolourleffi  mobile  liquid.  It  is  not  attadced  by  concentrated 
sulphuric  and  nitric  acids.  Chlorine  acts  upon  it  under  the  influence 
of  light,  but  not  in  the  dark.  Hitherto  no  compound  ether  has  been 
reproduced  from  ethyl.  The  ethyl-theory,  proposed  by  Liebig  long 
before  the  separation  of  ethyl  itself,  will  be  found  very  useful  as  an  aid 
to  the  memory :  it  must  not,  however,  be  forgotten  tnat  the  compound 
ethers  are  distinguished  by  important  characters  from  real  and  un* 
doubted  salts. 


C4H.0,H0 
C^HjCl 

CJifir 

C^H.CNOs 

C,H,O.NO, 

C,H,Zn 
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Ibble  cf  Etkyl'Compmtfids. 

Ethyl,  Rjmbol  Ae        .        .        •        .     ^^g 
Oxide  of  ethyl ;  ether 
Hydrate  of  the  oxide ;  alcohol 
Chloride  of  ethyl      • 
Bromide  of  ethyl 
Iodide  of  ethyl         . 
Cyanide  of  ethyl .         .         • 
Nitrate  of  oxide  of  ethyl   . 
Nitrite  of  oxide  of  ethyl 
Sulphate  of  oxide  of  ethyl . 
Hydride  of  ethyl 
Zinc-ethyl        .         . 
&c.  &c. 

The  ethers  of  many  of  the  adds  may  be  formed  by  the  dii^ect  action 
of  the  latter  upon  Rl(x>hoI  at  a  high  temperature,  the  elements  of  water 
being  displaced  by  those  of  the  acid :  this  is  chiefly  conspicaoos  with 
the  volatile  acids.  A  more  ready  general  method  of  forming  them, 
liovi'ever,  is  to  distil  a  mixture  of  alcohol,  sulphuric  acid,  and  a  salt  of 
tiie  acid  the  ether  of  which  is  required.  The  fatty  acids,  which  in 
general  cannot  be  distilled  without  more  or  less  decomposition,  yield 
their  ethers  with  great  facility  by  the  action  of  hydrochloric  add  gaa 
upon  an  alcoholic  solution  of  Uie  add. 

The  compound  ethers  are  mostly  volatile  aromatic  liquids,  in  a  lew 
cases  crystallimble  solids,  without  action  on  vegetable  colours,  spftringlj 
soluble  in  water,  but  dissolved  in  all  proportions  by  alcohol  and  etl»er. 
They  are  not  acted  upon  in  the  cold  by  alkaline  carbonates,  but  suffer 
decomposition  with  more  or  less  difficulty  when  heated  with  aqueous 
solutions  of  caustic  alioili,  a  salt  of  the  acid  of  the  ether  bdng  usually 
generated,  and  alcohol  formed  and  set  free.  An  alcoholic  solution  of 
hydrate  of  potassa  or  soda  is  more  active  in  this  respect.  The  same 
kind  of  decomposition  is  often  brought  about  by  the  prolonged  contact 
of  boiling  water. 

Chloride  of  ethyl;  lioht  htdrochlorio  ether;  AcGl.— 
Rectified  spirit  of  wine  is  saturated  with  dry  hydrochloric  add  gas,  and 
the  product  distilled  with  very  gentle  heat;  or  a  mixture  of  3  parts  oil 
of  vitriol  and  2  of  alcohol  is  poured  upon  4  parts  of  dry  comnxm  salt 
in  a  retort,  and  heat  applied ;  in  dth4>r  case  the  vapour  of  the  hydro- 
chloric ether  should  be  conducted  through  a  little  tepid  water  in  a  wash- 
bottle,  and  then  conveyed  into  a  small  receiver  surrounded  by  ice  and 
salt.  It  is  purified  from  adhering  water  by  contact  with  a  (ew  frag- 
ments of  fused  chloride  of  caldum.  Hydi-ochloric  ether  is  a  thin, 
colourless,  and  excessively  volatile  liquid,  of  a  penetrating,  aromatic, 
and  somewhat  alliaoeous  odour.  At  the  freezing  point  of  water,  its 
sp.  gr.  is  0*921,  and  it  boiU  at  54°-5  (12'''5C):  it  is  soluble  in  10 
parts  of  water,  is  not  decomposed  by  solution  of  nitrate  of  silver,  but  is 
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quickly  rcsolred  into  chloride  of  poteflsiam  and  alcohol  by  a  hot  aqueoas 
aidution  of  caustic  potasa ;  an  alcoholic  solution  of  potaaa,  on  the  other 
hand,  furnishes  ether,  C4HftCl+C^H»0,KO  =  2C4HaO+KCl.  Heated 
with  sodn-lime  chloride  of  ethyl  yields  defiant  gas,  C^H^Cl+^^aOs 
C^H^+NaCl+HO. 

Bromide  of  ethyl;  htdrobromic  ether;  AeBr.— This  is  pre- 
pared by  distilling  a  mixture  of  8  parts  bromine,  1  part  phosphorus, 
and  32  parts  alcohol.  The  phosphorus  is  converted  into  phosphorous 
acid  by  the  oxygen  of  the  iJcohol,  when  the  ethyl  combines  with  the 
bromine :  3  equiralents  of  alcohol,  3  eqniyalents  of  bromine,  and 
1  equivalent  of  phosphorus,  yield  3  equivalents  of  bromide  of  ethyl, 
3  equivalents  of  water,  and  1  equivalent  of  phosphorous  acid.  It  is  a 
very  volatile  liquid,  boiling  at  105° '8  (41%;,  of  penetrating  taste  and 
smell,  and  superior  in  density  to  water. 

Iodide  of  ethtl;  htdriodic  ether;  Ael. — ^In  preparing  iodide 
of  ethyl,  the  following  proportions  may  be  conveniently  employed : 
5  parts  of  phosphorus,  70  parts  of  alcohol  (of  0'84  sp.  gr.),  and  100 
parts  of  iodine.  The  phosphorus  is  introduced  into  a  tubulated  retort, 
covered  with  part  of  the  alcohol,  and  heated  to  fusion.  The  rest  of 
the  alcohol  is  poured  upon  the  iodine,  and  the  solution  thus  obtained 
allowed  to  flow  gradually  through  a  tap*funnel  into  the  retort.  The 
brown  liquid  is  at  once  decolorized,  and  iodide  of  ethyl  distils  over» 
which  is  coDdenaed  by  a  good  cooling  apparatus.  The  distillate,  con- 
sisting of  alcohol  and  iodide  of  ethyl,  is  poured  again  on  the  residuary 
iodine,  which  is  thus  rapidly  dissolved,  introduced  into  the  retoit,  and 
ultimately  entirely  converted  into  iodide  of  ethyl.  The  latter  is  waslied 
with  water  to  remove  adherent  alcohol,  separated  from  this  water  by  a 
separating  funnel,  digested  with  chloride  of  calcium,  and  rectified  in  the 
water-baUi.  Iodide  of  ethyl  may  also  be  formed  by  heating  in  a 
sealed  glass  ressel  a  mixture  of  hydriodic  acid  and  olefiant  gas.  Hy- 
driodic  ether  is  a  colourless  liquid,  of  penetrating  ethereal  odour, 
having  a  density  of  1*92,  and  boiling  at  158**  (70®C).  It  becomes 
nd  by  exposure  to  light  from  a  commencement  of  decomposition. 
This  substance  has  become  highly  important  ns  a  source  of  ethyl,  and 
from  its  remarkable  deportment  with  ammonia,  which  will  be  dis- 
coGsed  in  the  Section  on  Oi^ganic  Bases. 

Sulphide  of  ethyl;  AeS. — Foi-med  by  the  action  of  chloride  of 
^yl  upon  a  solution  of  the  protosulphide  of  potassium.  It  is  colour- 
less, has  a  disagreeable  garlic  odour,  and  boils  at  180^  (82''0). 

Cyanide  of  ethyl;  AeCy. — This  is  produced  when  a  mixture  of 
Bolphovinate  of  pota^sa  and  cyanide  of  potassium,  both  in  a  dry  state, 
is  slowly  heated.  It  is  colourless :  when  perfectly  pure  it  has  a 
powerful,  not  disagreeable  odour,  and  a  sp.  gr.  of  0*  788.  It  boils  at 
W-4  (88''C).  This  substance  has  been  studied  by  Drs.  Kolbe  and 
Fraokland.  They  have  found  that  cyanide  of  ethyl  differs  from  the 
ordinary  ethers  in  its  deportment  with  the  alkalis.  Instead  of  yielding 
<7^ide  of  potassium  and  alcohol,  it  is  couvei'ted  into  ammonia  and 
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propionic  add,  C«HjO,,HO,  a  peculiar  acid  doedj  allied  to  aoebe 
acid,  and  which  will  be  noticed  xnoi-e  in  detail  in  the  Propyl  aeriea. 
Cyanide  of  ethyl,  in  this  reaction,  absorbs  4  equivalents  of  water : — 


1  eq.  of  cyanide  of  ethyl  C^H^N 
4  eq.  of  water  •        *         ^4^4 


1  eq.  of  propionic  add  C^H,  0^ 
1  eq.  of  annnoiua     •      H,K 

C,H,NO< 


C,H,N04 

(See  also  Cpnide  of  Methyl.) — When  acted  upon  by  potassium,  C3raiiide 
of  ethyl  famishes  a  gas,  the  nature  of  which  is  not  definitely  aeitled : 
the  residue  contains  cyanide  of  potassium  and  an  oi^anic  allali  cj^me- 
thine,  which  contains  C|gH,jN,,  and  is  formed  by  the  coalescence  of 
three  equivalents  of  the  cyanide.  Cyanide  of  ethyl,  when  placed  ia 
contact  with  zinc  and  sulphuric  acid,  assimilstes  4  equiralents  of 
hydrogen,  being  converted  into  propyUunine,  C^H^N,  which  will  be 
described  in  the  chapter  on  the  organic  bases  of  artificial  origin. 

SOLPHITE  OF  OXIDE  OF  ETHYL ;  SULPHUROUS  ETHER;  AeO,SOy 
•—This  substance  is  obtained  by  adding  absolute  alcohol  in  excess 
to  subchloride  of  sulphur.  Hydrochloric  acid  is  evolved,  and  sulphur 
deposited,  while  tlie  sulphide  of  ethyl  distils  as  a  limpid  strongly* 
smelling  liquid,  of  sp.  gr.  1  *  085,  boUing  at  338°  (170°C) :  It  is  slowly 
decomposed  by  water. 

Sulphate  of  oxide  of  ethtl  ;  sulphuric  ether  ;  AeO,SO,. — 
This  substance  has  been  only  recently  obtained.  It  is  formed  by  pass* 
ing  the  vapour  of  anhydrous  sulphuric  acid  into  perfectly  anhydrous 
ether.  A  syrupy  liquid  is  produced,  which  is  shaken  with  4  vols,  of 
water  and  1  vol.  of  ether,  when  two  layers  are  formed ;  the  lower  con* 
tains  sulphovinic  acid  (see  this  substance,  page  461)  and  various  other 
compounds,  while  the  upper  layer  consists  of  an  ethereal  solution  of 
sulphate  of  ethyl.  At  a  gentle  heat  the  ether  is  volatilized,  and  the 
sulphate  of  ethyl  remains  as  a  colourless  liquid.  It  cannot  be  distilled 
without  decomposition. 

Phosphate  of  oxide  of  ethyl;  phosphorio  ether. — See 
Phosphovinic  Acid. 

^'ITRATE  OF  OXIDE  OF  ETHYL;  NITRIC  ETHER;   AtOfSO^, — ^The 

nitrate  is  prepared  by  cautiously  distilling  a  mixture  of  equal  weights  of 
alcohol  and  moderately-strong  nitric  add,  to  which  a  small  quantity  ci 
nitrate  of  urea  has  been  added.  The  action  of  nitric  add  apon  alcohol 
is  peculiar ;  the  facility  with  which  that  add  is  deoxidized  by  com* 
bustible  bodies,  leads,  under  ordinary  circumstances,  to  the  production 
of  nitrous  add  on  the  one  hand,  and  an  oxidized  product  of  alcobol  on 
the  other,  a  nitrite  of  the  oxide  of  ethyl  bdng  generated  instead  of  a 
nitrate.  M.  Millon  has  shown  that  the  addition  of  urea,  from  reasons 
to  be  explained  when  this  compound  will  be  described,  entirely  prevents 
the  formstion  of  that  substance,  and  at  the  same  time  preserves  the 
alcohol  from  oxidation  by  undergoing  that  change  in  its  place,  the  sole 
liquid  product  being  the  new  ether.    The  experiment  is  most  safely 
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^ducted  on  a  small  scale,  and  the  distillation  must  be  stopped  when 
seven-eighths  of  the  whole  have  passed  over :  a  little  water  added  to 
the  distilled  product  separates  the  nitric  ether.  Nitric  ether  has  a 
density  of  1*112:  it  is  insoluble  in  water,  has  an  agreeable  sweet 
taste  and  odonr,  and  is  not  decomposed  by  an  aqueous  solution  of 
caustic  potassa,  although  that  substance  dissolved  in  alcohol  attacks  it 
even  in  the  cold,  with  production  of  nitrate  of  potaasa*  Its  vapour  is 
apt  to  explode  when  strongly  heated. 

-  Nitrite  op  oxide  op  ethvl;  Kiniors  ether;  AeO,NO,. — 
Pore  nitrous  ether  can  only  be  obtained  by  the  direct  action  of  th« 
acid  itself  upon  alcohol.  1  part  of  starch,"^  and  10 'parts  of  nitric 
acid,  are  gently  heated  in  a  capacious  retort  or  flask,  and  the  vapour 
of  nitrous  acid  thereby  evolved  conducted  into  alcohol  mixed  with 
half  its  weight  of  water,  contained  in  a  two-necked  bottle,  which 
U  to  be  plunged  into  cold  water,  and  connected  with  a  good  con- 
densing arrangement.  All  elevation  of  temperature  must  be  cai-e- 
fully  avoided.  The  product  of  this  operation  is  a  pale-yellow  volatile 
liquid,  possessing  an  exceedingly  agreeable  odour  of  apples :  it  boils 
at  62°  (16°-6C),  and  has  a  density  of  0947.  It  is  decomposed  by 
potassa,  without  darkening,  into  the  nitrate  of  the  base,  and  alcohol. 

Nitrous  ether,  but  contaminated  with  aldehyde,  may  be  piepared 
by  the  following  simple  method : — Into  a  tall  cylindrical  bottle  or  jar 
are  to  be  introduced  successively  9  parts  of  alcohol  of  sp.  gr.  0*830, 
4  parts  of  water,  and  8  parts  of  strong  fuming  nitric  acid :  the  two 
latter  are  added  by  means  of  a  long  funnel  with  a  veiy  narrow  orifice, 
reaching  to  the  bottom  of  the  bottle,  so  that  the  contents  may  form 
three  distinct  strata,  which  slowly  mix  from  the  solution  of  the  liquids 
in  each  other.  The  bottle  is  then  loosely  stopped,  and  left;  two  or 
three  days  in  a  cool  place,  after  which  it  is  found  to  contain  two 
layers  of  liquids,  of  which  the  uppermost  is  the  ether.  It  is  purified 
by  rectification.  A  somewhat  similar  product  may  be  obtained  by 
carefully  distilling  a  mixture  of  3  parts  rectified  spirit  and  2  of  nitric  acid 
t)f  1*28  sp.  gr. :  the  fire  must  be  withdrawn  as  soon  as  the  liquid  boils. 

The  sweet  spirits  of  nitre  of  pharmacy,  prepared  by  distilling  three 
pounds  of  alcohol  with  four  ounces  of  nitric  acid,  is  a  solution  of  nitrous 
tether,  aldehyde,  and  perhaps  other  substances,  in  spirit  of  wine. 

SiLiciO  AXD  fiORACiC  ETHERS. — A  number  of  these  compounds 
appears  to  exist,  containing  diflerent  proportions  of  t|ie  acids.  S^icio 
ether,  containing  3AeO,Si03,  was  obtained  by  M.  Ebelmen  by  the 
action  of  anhydrous  alcohol  upon  chloride  of  silicium.  It  is  a  (Xilour- 
less,  limpid,  aromatic  liquid,  of  sp.gr.  0-933,  boiling  at  329''(165''C), 
and  decomposed  by  water  with  production  of  silicic  acid  and  alcohol. 
In  contact  with  moist  air  it  is  gradually  resolved  into  translucent 
hydrate  of  silica,  which  becomes  in  the  end  hard  enough  to  scratch 
glass.  By  substituting  ordinary  spirit  for  absolute  alcohol,  other  com- 
pounds containuig  a  larger  portion  of  silicic  acid  are  obtained. 
.  dorado  ether  was  procui'ed  by  a  similar  process,  substituting  the 
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chloride  of  boron  for  chloride  of  snicium.  It  fomis  a  thin,  Umpid 
liquid  of  agreeable  odour,  having  the  sp.  gr.  of  0*885,  and  boilic^ 
at  246^  (119^0).  it  is  decomposed  bj  waten  its  alcoholic  aolutioa 
bnma  with  a  fine  green  flame,  throwing  off  a  tliick  smoke  of  boracic 
add.  It  contains  3AeO,BoOy  A  second  boracic  ether,  in  the  form  of 
a  solid  glossy  fusible  substance,  containing  AeO,2BoO„  was  formed  bj 
the  action  of  fused  boracic  add  upon  absolute  alcohol.  It  is  volatile  ia 
the  vapour  of  alcohol  onljr,  and  is  decomposed  bjr  water. 

Of  the  ethers  of  the  oi^ganic  adds,  the  following  are  the  most  im- 
portant:— 

OXALATROFTHEOXl^E  OF  ETHTL  ;  OXALIC  ETHER;  2AeO,CfO^ 
—This  (propound  is  most  easily  obtained  by  distilling  t<^ther  4  parts 
binoxalate  of  potassa,  5  parts  oil  of  vitriol,  and  4  parts  strong  alcohol. 
The  distillation  may  be  pubhed  nearly  to  dryness,  and  the  receiver  kept 
varm  to  dissipate  any  ordinary  ether  that  may  be  formed.  The  pfro- 
duct  is  mixed  with  water,  by  which  the  oxalic  ether  is  separated  from 
the  undecomposed  spirit :  it  is  repeatedly  washed  to  remove  adhering 
acid,  and  re-distilled  in  a  small  retort,  the  first  portion  being  reodved 
apart  and  rejected.  Another  very  simple  process  consists  in  digesting 
equal  parts  of  alcohol  and  dehydrated  oxalic  acid,  in  a  flask  furnished 
with  a  long  glass  tube  in  which  the  volatilized  spirit  may  condense. 
After  6  or  8  hours'  digestion,  the  mixture  generally  contains  only  traces 
of  oxalic  acid  which  are  not  etherified. 

Pure  oxalic  ether  is  a  colourless,  oily  liquid,  of  pleasant  aromatic 
odour,  and  1*09  sp.  gr.  It  boils  at  des""  (ISS'^'SC),  is  bat  litUe 
soluble  in  water,  and  is  readily  decomposed  by  caustic  alkalis  into  an 
oxalate  and  alcohol.  With  solution  of  ammonia  in  excess,  it  vields  ouni- 
OTwfe  and  alcohol,  2C^}{fi,Cfl^'\-2}ili^=:C^U^};fi^+2  {C'^UfiMO). 
This  is  the  best  process  tor  preparing  oxamide,  which  is  obtained 
perfectly  white  and  pure.  (See  page  442.)  When  dry  gaseous 
ammonia  is  conducted  into  a  vessel  containing  oxalic  ether,  the  gas  is 
rapidly  absorbed,  and  a  white  solid  substance  produced,  which  if 
soluble  in  hot  alcohol,  and  separates  on  cooling,  in  colourless,  trans- 
parent, scaly  crystals.  They  dissolve  in  water,  and  are  both  fusible 
and  volatile.  The  name  arafnethane  is  given  to  this  body:  it  consists 
of  CgHyNO^sC^HjCC^HjNO^  i.e.,  the  ether  of  oxamic  add  (see 
page  448).  The  same  substance  is  formed  when  ammonia  in  small 
quantity  is  added  to  a  solution  of  oxalic  ether  in  alcohol. 

When  oxalic  ether  is  treated  with  dry  chlorine  in  excess  in  the  sun- 
shine, a  white,  colourless,  crystalline,  fusible  body  is  produced,  in- 
soluble in  water,  and  instantly  decomposed  by  alcohol.  It  contains 
CjjCljoOg,  or  oxalic  ether  in  which  the  whole  of  the  hydrogen  is  replaced 
by  chlorine.  By  treating  oxalic  ether  with  sodium  amalgam  a  series 
of  non-volatile  organic  acids  is  produced,  intimately  related  to  those  in 
the  juice  of  fruits.  The  individual  products  of  this  reaction  arp, 
however,  not  yet  well  examined. 

Carbonate  of  oxide  of  ethyl  ;  carbonic  ether  ;  AeO^CO,. 
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•^Fragment!}  of  potasaum  or  sodiam  are  dropped  into  oxalic  ether  at 
long  aa  gas  is  disengaged :  the  brown  posty  product  is  then  mixed  with 
water  and  distilled.  The  carbonic  ether  is  found  floating  npon  the  sar* 
face  of  the  water  of  the  receiver  as  a  oojpurless,  limpid  liquid  <»f  aro- 
matic odour  and  burning  taste.  It  boUs  at  257^  (125^0),  and  is 
decomposed  by  an  alcoholic  solution  of  potassa  into  carbonate  of  that 
base  and  alcohol.  The  reaction  which  gires  rise  to  this  substance  is 
unexplained.  Carbonic  ether  is  also  formed  by  the  acti<Mi  of  iodide  of 
ethjl  on  carbonate  of  silver,  Ael  +  AG!0,CO,  =  AeO,C02+ Ag.I 

The  ethers  of  many  of  the  vegetable  acids  have  been  obtained.  The 
description  of  these  substances  and  of  some  of  their  products  of  decom- 
position is  postponed  until  the  history  of  tl^  adds  themselves  has  been 
given. 

CHLOBOGARBOino  ETHER. — Although  the  constitution  of  this  sub- 
stance is  doubtful,  it  may  be  here  described.  Absolute  alcohol  is  in- 
troduced into  a  glass  globe  containing  chlorocarbonic  acid  (phosgene 
gas,  see  p.  158) :  the  gas  is  absorbed  in  large  quantity  and  a  yellowish 
liquid  produced,  from  which  water  separates  the  chlorocarbonic  ether. 
When  freed  from  water  by  chloride  of  calcium,  and  from  adhering  acid 
by  rectification  from  litharge,  it  forms  a  thin,  colourless,  neuti'al  liquid, 
which  bums  with  a  green  flame.  Its  density  is  1*133 :  it  boils  at 
202°  (94^* 5C).  The  vapour,  mixed  with  a  large  quantity  of  air,  has  an 
agreeable  odour,  but  when  nearly  pure  is  extremely  suffocating.  It  con- 
tains C^H^CIO^  =  C4H4O,  CjClO,.    The  density  of  the  vapour  is  3-82. 

The  action  of  ammonia,  gaseous  or  liquid,  upon  this  substance,  gives 
rise  to  a  very  curious  product,  called  by  M.  Dumas,  urethane;  sal- 
ammoniac  is  at  the  same  tinie  formed.  Urethane  is  a  white,  solid, 
crystallizable  body,  frisible  below  212°  (100%),  and  distilling  un- 
changed, when  in  a  dry  state,  at  about  356^  (180%)  :  if  moisture  be 
present,  it  is  decomposed,  with  evolution  of  ammonia.  Water  dissolves 
this  substance  very  easily :  the  solution  is  not  affected  by  nitrate  of 
silver,  and  yields,  by  spontaneous  evaporation,  large  and  distinct  crystals. 
It  contcuns  C^H^NOf,  or  the  elements  of  carbonic  ether  and  urea,^-^ 
whence  the  name ;  its  formation  is  illustrated  by  the  following  equa- 
tions:—C,H5C104+ 2  NHjrrNH^CH- CeH,NO^.— The  same  substance 
is  obtained  by  the  action  of  ammonia  on  carbonic  ether,  alcohol  being 
produced:  2  (C^H,0,C0j)+NH,  =  C4H,0,+C,H,K0^. 
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StTLPHOViKic  ACID,  C4H50,2SO,,HO. — Strong  rectified  spirit  of 
wme  is  mixed  with  twice  its  weight  of  concentrated  sulphuric  acid : 
the  mixture  is  heated  to  its  boiling-point,  and  then  left- to  cool.  When 
cold,  it  is  diluted  with  a  latge  quantity  of  water,  and  neutralized  with 
chaljc :  much  sulphate  of  lime  is  produced.  The  mass  is  placed  upon 
a  cloth  filter,  di-ained,  and  pressed ;  the  clear  solution  is  eva^Mrated 
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to  a  small  bulk  by  the  heat  of  a  water-bath,  filtered  from  a  little  sdI« 
phate,  and  left  to  crystallize :  the  product  is  9uiphovinate  cf  lime,  io 
beautiful  colourless,  transparent  crystals,  containing  CaOyC^H^O, 
2SO3-I-2HO.  They  dissolve  in  an  equal  weight  of  cold  water,  mod 
effloresce  in  a  dry  atmospher£ 

A  similar  salt,  containing  baryta,  BaO,C4H^O,2SO,+2HO,  equally 
soluble,  and  still  more  beautiful,  may  be  produced  by  substituting,  in 
the  above  process,  carbonate  of  baryta  for  chalk :  from  this  sobstuioe 
the  hydrated  acid  may  be  procured  by  exactly  precipitating  the  baae  bj 
dilute  sulphuric  acid,  and  evaporating  the  filtered  solution,  s'n  vacuo,  at 
the  temperature  of  the  air.  It  forms  a  sour  syrupy  liquid,  in  which 
sulphuric  acid  cannot  be  recognized,  and  is  very  easily  decomposed  bj 
heat,  and  even  by  long  exposure  in  the  vacuum  of  the  air-pump.  Ail 
the  sulphovinates  ai'e  soluble:  the  solutions  are  decompoMd  by 
ebullition.  The  lead-salt  resembles  the  baryta-oompound.  That  of 
potassa,  easily  made  by  decomposing  sulphovinate  of  lime  by  carbonate 
of  potassa,  is  anhydrous :  it  is  permanent  in  the  air,  very  soluble,  and 
crystallizes  well. 

Sulphovinate  of  potassa,  distilled  with  concentrated  sulphuric  add, 
gives  ether ;  with  dilute  sulphuric  acid,  alcohol ;  and  with  strong 
acetic  acid,  acetic  ether.  Heated  with  hydrate  of  lime  or  baryta,  the 
sulphovinates  yield  a  sulphate  of  the  base  and  alcohol. 

Phosphovinic  acid,  C^Hfi,P0^2H0. — This  acid  is  bibasic.  The 
baryta-salt  is  prepared  by  heating  to  180°  (82°*  20)  a  mixture  of  equal 
weights  of  strong  alcohol  and  syrupy  phosphoric  add,  diluting  this 
mixture,  afler  the  lapse  of  24  hours,  with  water,  and  neutralizing  by 
carbonate  of  baryta.  The  solution  of  phosphovinate,  separated  by 
filtration  from  the  insoluble  phosphate,  is  evaporated  at  a  moderate 
temperature.  The  salt  crystallizes  in  brilliant  hexagonal  plates,  whid} 
have  a  pearlv  lustre,  and  are  more  soluble  in  cold  than  in  hot  water : 
it  dissolves  in  15  parts  of  water  at  68**  (20^0).  The  crystals  coutam 
2ba,0,C^Efi,?0^+l2U0,  From  this  substance  the  hydrated  add 
may  be  obtained  by  predpitating  the  baryta  by  dilute  sulphuric  acid, 
and  evaporating  the  filtend  liquid  in  the  vacuum  of  the  air-pump :  it 
forms  a  colourless,  syrupy  liquid,  of  intensely-sour  taste,  which  some- 
tiroes  exhibits  appearances  of  crystallization.  It  is  very  soluble  iu 
water,  alcohol,  and  ether,  and  easily  decomposed  by  heat  when  in  a  «»- 
centrated  state.  The  phosphoviuates  of  lime,  silver,  and  lead  possess 
but  little  solubility ;  those  of  the  alkalis,  magnesia,  and  strontia  are 
freely  soluble. 

Voegeli  has  observed  that,  by  the  action  of  syrupy  phosphoric  add 
upon  alcohol,  together  with  phosphovinic  add,  another  add  is  fonned 
to  which  he  gives  the  name  phosphobiethylic  add,  phosphovinic  add 
being  designated  as  phosphethylic  acid.  The  baryta-,  silver*,  and 
lead-salts  of  this  acid  are  more  soluble  than  the  corresponding  phospho* 
vinates.  The  lead-salt  and  Ilme-salt  are  anhydrous,  and  contain  re- 
spectively PbO,2C4H40,PO,  and  CaO,2C4H40,P04. 
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The  former  of  these  salts,  when  heated  to  a  temperature  of  between 
356°  and  374^  (180°  and  lOO^'C),  yields  an  aromatic,  limpid  liquid, 
which  is  tribasic  phosphoric  ether,  SC^H^OJPO^.  It  boils  at  288"*  5 
(142^ '5C).  Its  formation  is  represented  by  the  equation:  2(PbO, 
2C,H,O,PO,)=3C^H,O,P04+2Pb0,C\H40,PO4. 

OxALOViNic  ACID,  C4H,0,C^0,,H0. — Oxalic  ether  is  dissolved 
in  anhydrous  alcohol,  and  enough  alcoholic  solution  of  caustic  potassa 
added  to  neutralize  one  half  of  the  oxalic  acid  present,  whereupon  the 
potassa-sAlt  of  the  new  add  precipitates  in  the  form  of  crystalline  scales, 
insoluble  in  alcohol,  but  easily  dissolved  by  wat«r.  The  free  add  is 
obtained  as  a  sour  and  exceedingly  instable  liquid  by  the  addition  of 
hydrofluofiilidc  add  to  a  solution  of  the  preceding  salt  in  dilute  alcohol. 
It  forms  with  baryta  a  very  soluble  salt 

A  tartrovinic  acid  has  been  described,  and  many  other  compounds  of 
the  same  type  exist. 

Another  and  a  different  view  is  very  frequently  taken  of  the  sub- 
stances jost  described,  and  of  many  analogous  compounds.  The  sulpho- 
Tinates,  phosphovinates,  &c.,  are  supposed  to  possess  a  constitution  re- 
sembling that  of  ordinary  double  salts,  one  of  the  bases  being  a  metallic 
oxide,  and  the  other  ether.  Thus,  anhydrous  sulphovinate  of  baryta 
is  wiitten  BaOjSOa+C^HjOySO,,  or  double  sulphate  of  baryta  and 
ether;  hydrated  sulphovinic  add  is  HO,SO,+C'^HjO,SO„  or  bisiiU 
phate  of  ether.  There  are,  however,  grave  objections  against  this  mode 
of  viewing  the  subject :  in  every  true  double  salt  the  characters  both 
of  add  and  bases  remain  unchanged :  alum  gives  the  reactions  of  sul- 
phuric acid,  of  alumina,  and  of  potassa ;  while  in  sulphovinic  acid  or 
sulphovinate  not  a  trace  of  sulphuric  acid  can  be  detected  by  any 
method  short  of  actual  decomposition,  by  heat  or  otherwise.  If  sulpho- 
vinate of  baryta  contain  sulphate  of  baryta  ready  formed,  it  is  very 
difficult  to  understand  how  that  salt  can  be  decomposed  by  an  addition 
of  sulphuric  add.  The  student  must,  however,  bear  in  mind  that  ail 
views  of  the  constitution  of  complex  organic  compounds  must,  of  neces- 
sity, be  to  a  great  extent  hypothetical,  and  liable  to  constant  alteration 
with  the  progress  of  sdence. 

Froducts  of  the  Decomposition  of  Sulphovinic  Acid  by  Heat, 

A  solution  of  sulphovinic  acid,  or  what  is  equivalent  to  it,  a  mix- 
ture, in  due  proportions,  of  oil  of  vitriol  and  strong  alcohol,  undergoes 
ftecomposition  when  heated,  yielding  products  which  differ,  with  the 
temperature  to  which  the  liquid  is  subjected.  The  cause  of  the  decom- 
position is  to  be  traced  to  the  instability  of  the  compound  itself,  to  the 
basic  power  of  water,  and  the  attraction  of  sulphuric  acid  for  the  latter, 
in  virtue  of  which  it  determines  the  production  of  that  substance,  and 
liberates  the  elements  of  ether. 
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When  the  salphovinic  acid  is  so  ^  diluted  as  to  boil  mt  26(P 
(126°'6C)  or  below,  or  when  a  temperatare  noc  exceeding  tlus  is  ap- 
plied to  a  stronger  solution  bj  the  aid  of  an  oil-bath,  the  compooBd 
add  is  resolved  into  sulphuric  acid,  which  remains  behind  in  the  retort 
or  distillatory  yessel,  while  alcohol,  and  mere  traces  of  ether,  an 
volatilized. 

Ad  acid  whose  boiling-point  lies  between  260°  and  310°  (126^-6  and 
154°*5C)  is  decoiniiosed  hj  ebullition  into  hydrated  snlphuiic  add  and 
ether,  which  is  aooompanied  by  nnall  quantities  of  alcohoL 

Lastly,  when,  by  the  addition  of  a  large  quantity  of  oil  of  ritrio], 
the  boiling-point  of  the  mixture  is  made  to  rise  to  320°  (160%)  and 
above,  the  production  of  ether  diminishes,  and  other  substances  begin 
to  make  their  appearance,  of  which  the  most  remarkaUe  is  olefiaat 
gas.  The  mixture  in  the  retort  blackens,  sulphurous  acid  and  eatbonic 
acid  are  disengaged,  a  yellow,  oily,  aromatic  liquid  passes  over,  and  a 
coaly  residue  is  lei^  which  contains  sulphur.  The  chief  and  charac- 
teristic product  is  oleHant  gas :  the  others  may  be  considered  the  inesult 
of  secondary  actions.  The  three  modes  of  decomposition  may  be  thus 
contrasted : 

Below  260°  C4H50,2SO^HO+2HO  =  C4H,0,HO-f-2(SO^HO) 
260°— 310°  C^H.O.'iSO^HO-h  HO  =  C\H,0  +2(SO^HO) 
Above  320°  C4Hj0.2S0„H0  =    C,H^         +2(S0,H0) 

The  ether-prodacing  temperature  is  thus  seen  to  be  circumscribed 
within  narrow  limits.  In  the  old  process,  however,  in  which  a  mix- 
ture of  equal  weights  of  alcohol  and  sulphuric  acid  is  subjected  to  dis- 
tillation, these  conditions  <an  be  but  partially  complied  with.  At 
first  the  temperature  of  the  mixture  is  too  low  to  yield  ether  in  any 
quantity,  and  towards  the  end  of  the  process,  long  before  all  the  snl- 
phorinic  add  has  been  decomposed,  it  becomes  too  high,  so  tliat  defiant 
gas  and  its  accompanying  products  appear  instead.  The  remedy  for 
this  inconvenience  consists  in  restraining  the  temperature  of  ebuUiti<Hi 
of  the  mixture  within  its  proper  bounds  by  Ule  introduction  of  a  constant 
supply  of  alcohol,  to  combine  with  the  liberated  sulphuric  acid,  and 
reproduce  the  sulphovinic  acid  as  fast  as  it  be(X)meB  destroyed.  The 
improved,  or  continuous  ether  process,  in  which  the  same  add  is  made 
to  etherify  an  almost  indefinite  quantity  of  spirit,  may  be  thus  elegantly 
conducted  upon  a  small  scale. 

A  wide- necked  flask  is  fitted  with  a  sound  cork,  perforated  by  three 
apertures,  one  of  which  is  destined  to  receiTe  a  tlieimometer,  with  the 
graduation  on  the  stem ;  a  second,  the  vertical  portion  of  a  long  nar- 
row tube,*> terminating  in  an  orifice  of  about  ^jj  of  an  inch  in  diameter  ; 
and  the  third,  a  wide  bent  tube,  connected  with  the  condenser,  to 
can-y  off  the  volatilized  products.  A  mixture  is  made  of  8  parts  by 
weight  of  concentrated  sulphuric  acid,  and  5  parts  of  rectified  spirit 
of  wine,  of  about  0*834  sp.  gr.  This  is  introduced  into  the  flask,  and 
heiited  by  a  lamp.     The  liquid  soon  boils,  and  the  thennometcr  very 
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sbertlj  indicftt«i  a  temperature  of  300°  (149°C).  Wheb  this  happens, 
alcohol  of  the  above  density  is  su  flared  slowly  to  enter  by  the  narrow 
tube,  which  is  put  into  commanication  with  a  reservoir  of  that  liquid^ 
oonsisting  of  a  large  bottle  perforated  by  a  hole  near  the  bottom,  and 
furnished  with  a  small  brass  stopcock,  iitted  by  a  cork :  the  stopcock 
is  secured  to  the  end  of  the  long  tube  by  a  caoutchouc  connector,  tied, 
aa  usual,  with  silk  cord«  As  the  tube  passes  nearly  to  the  bottom 
of  the  flask,  the  alcohol  gets  thoroughly  mixed  with  the  acid  liquid, 
the  hydrostatic  pressure  of  the  fluid  column  being  sufficient  to  insure 
the  regularity  of  the  flow:  the  quantity  is  easily  adjusted  by  the  aid 
of  the  stopcock.  For  condensation,  a  Llebig's  condenser  may  be  used, 
supplied  with  ice-water.     The  arrangement  is  figured  on  p.  466. 

The  intensity  of  the  heat,  and  the  supply  of  alcohol,  must  be  so 
adjusted  that  the  thermometer  may  remain  at  300°  (149^0),  or  as 
near  that  temperatui-e  as  possible,  while  the  contents  of  the  fiask  are 
maintained  in  a  state  of  rapid  and  violent  ebullition — a  point  of 
essential  importance.  Ether  and  water  distil  over  together,  and  col- 
lect in  the  receiver,  forming  two  distinct  strata :  the  mixture  slowly 
blackens,  from  some  slight  secondary  action  of  the  acid  upon  the 
spirit,  or  upon  the  impurities  in  the  latter,  but  retains,  af^er  many 
hours'  ebullition,  its  etherifying  powers  unimpaired.  The  acid,  how- 
ever, slowly  volatilizes,  partly  in  the  state  of  oil  of  vcine,  and  the 
quantity  of  liquid  in  the  flask  is  found,  after  the  lapse  of  a  cotisiderable 
intervnl,  sensibly  diminished.  The  loss  of  acid  constitutes  the  only 
limit  to  the  duration  of  the  process,  which  might  otherwise  be  con- 
tinued indefinitely. 

On  the  large  scale,  th^  flask  may  be  replaced  by  a  vessel  of  lead, 
the  tubes  being  also  of  the  same  metal :  the  stem  of  the  thermometer 
may  be  made  to  pass  air-tight  through  the  cover,  and  heat  may,  pei^ 
hap»,  be  advantageously  applied  by  high-pressure  steam,  or  hot  oil, 
circulatiiig  in  a  spiral  tube  of  metal,  immereed  in  a  mixture  of  acid  and 
spirit. 

The  crude  ether  is  to  be  separated  from  the  water  on  which  it  floats, 
agitated  with  a  littk  solution  of  caustic  potassa,  and  re-distilled  by  the 
heat  of  warm  water.  The  aqueous  poilion,  treated  with  an  alkaline 
solution,  and  distilled,  yields  alcohol,  containing  a  little  ether.  Some- 
times the  spontaneous  separation  before  mentioned  does  not  occm-,  from 
the  accidental  presence  of  a  larger  quantity  than  usual  of  uudecom* 
posed  alcohol :  the  addition  of  a  little  water,  however,  always  suffices 
to  determine  it. 

We  shall  once  more  return  to  the  formation  of  etlier,  when  we 
discuss  the  methyl-compounds. 

Heavy  oil  op  wine. — When  a  mixture  of  2J  parts  of  concen- 
trated sulphuric  acid,  and  1  part  of  rectified  spirit  of  wine,  of  0*833 
fp.  gr.,  is  subjected  to  distillation,  a  little  ether  comes  over,  but  is 
quiddy  succeeded  by  a  yellowish  oily  liquid,  which  may  be  fi-eed  from 
sulphurous  acid  by  agitation  with  water,  and  from  ethei'  and  undecom- 
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a  the  TacQum  of  the  tir-pamp,  btnie  two 
itnining:  hjrdrate  of  potana,  and  tbe  oUwr 
CDDceDiniiHi  tuipnDnc  acia.  This  BLitntance  nu}-  be  prepsred  ia  lu^er 
quantity  bj  the  destructive  distjllattoa  of  iij  BulphaTinsle  gf  lime: 
■Icohol,  Dii  of  wiae,  aad  a  biiihII  quantity  ct  an  vncrrdiaglj  volatile 
liquid,  yet  irapertectly  eiamined,  are  produced.  I'ure  oil  of  wiat  it 
colourless,  or  greenish,  of  oily  cooAisleiKX,  and  heavier  thim  water;  it 
haaauaroDUitictute.udan  odour  reeembliag  that  of  peppermint.     Ite 
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boiling-point  is  tolerably  high.  It  is  soluble  in  alcohol  and  ether,  bat 
SGarcely  so  in  water.  By  analysis  it  is  found  to  contain  CeHB0,2S0|, 
or  perhaps  C^H^,SO,+C4H40,SOj ;  that  is,  neutral  sulphate  of  ether, 
in  combination  with  the  sulphate  of  a  hydro-carbon,  etkerole. 

In  contact  with  boiling  water,  oil  of  wine  is  resolved  into  sulpho- 
vinic  acid,  and  a  volatile  liquid,  known  by  the  name  of  light,  or  sweet 
oil  of  mne :  with  an  alkaline  solution  this  effect  is  produced  with  even 
greater  facility.  Light  oil  of  wine,  left  in  a  cool  place  for  several  days, 
deposits  crystals  of  a  white  solid  matter,  which  is  tasteless,  and  has 
but  little  odour;  it  is  called  etherin.  The  fluid  residual  portion 
is  yellowish,  oily,  and  lighter  than  water:  it  has  a  high  boiling-point, 
solidifies  at  a  very  low  temperature,  and  is  freely  soluble  in  alcohol  and 
ether :  it  bears  the  name  of  etherole.  Both  etherole  and  etherin  have 
the  same  composition,  namely  C^H^,  and  are  consequently  isomeric  with 
defiant  gas. 

Olefiant  gas  ;  ethylene. — This  substance  may  also  be  advan- 
tageously prepared  on  the  principle  described,  by  restraining  the  tempe- 
rature within  certain  bounds,  and  preventing  the  charring  and  destruc- 
tion of  the  alcohol,  which  always  occurs  in  the  old  process,  and  which, 
at  the  same  time,  leads  to  the  production  of  sulphurous  and  carbonic 
acids,  which  contaminate  the  gas. 

If  the  vapour  of  alcohol  be  passed  into  somewhat  diluted  sulphuric 
arid,  maintained  at  a  boiling-heat,  it  is  absorbed  with  production  of 
snlphovinic  add,  which  is  shortly  afterwni'ds  decomposed  into  water 
and  oleiiant  gas.  The  process  is  thus  couducted: — A  wide-necked 
flisk,  containing  rectified  spirit  of  wine,  is  fitted  with  a  cork,  through 
which  pass  an  ordinary  safety-tube,  with  a  little  water,  and  the  bent 
glass  tube,  intended  to  convey  the  vapour  of  the  spirit  into  the  acid. 
The  latter  must  be  of  such  strength  as  to  have  a  boiling-point  between 
320°  and  330°  (160°  and  165°-5C):  it  is  prepared  by  diluting  strong 
oil  of  vitriol  wiUi  rather  less  than  half  its  weight  of  water.  The  acid 
is  placed  in  a  second  and  larger  flask,  also  closed  by  a  cork,  into  which 
are  inserted  two  tubes  and  a  thennometer.  The  first  is  a  piece  of 
straight  lubej  wide  enough  to  allow  the  tube  conveying  the  alcohol- 
vapour  to  pass  freely  down  it,  and  dipping  a  little  way  into  the  acid : 
the  second  is  a  narrow  bent  tube,  the  extremity  of  which  is  immersed 
in  the  water  of  the  pneumatic  trough.  Both  flasks  are  heated ;  and 
as  soon  as  it  is  seen  that  the  acid  is  in  a  state  of  tranquil  ebullition, 
while  the  thermometer  marks  the  temperature  above  mentioned,  the 
spirit  is  made  to  boil,  and  its  vapour  carried  into  the  acid,  which  very 
soon  b^ins  to  evolve  defiant  gas  and  vapour  of  water,  accompanied  by 
a  little  ether  and  oil  of  wine,  but  no  sulphurous  acid.  The  add  liquid 
does  not  blacken,  and  the  experiment  may  be  carried  on  as  long  as  may 
be  desired.  This  is  a  very  elegant  and  instructive,  although  somewhat 
•troublesome,  method  of  preparing  the  gas.  The  essential  parts  of  the 
apparatus  are  shown  in  fig.  183. 

The  properties  of  defiant  gas  hav«  been  described  in  a  previous  part 
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of  this  work.  We  mention  here  only  an  interesting  experiment  lately 
made  by  M.  Berthelot.  Oiefiant  gaa,  when  agitated  for  a  long  time 
with  concentrated  sulphuric  add,  is  at  last  absorbed.  The  solataoo, 
when  diluted  with  water,  and  submitted  to  distillation,  furni&hes  aa 
appreciable  quantity  of  alcohol. 


Fig.  182. 


Fig.\9S^ 


Chlorioe  of  olbfiant  gas  ;  Dutch-liquid. — ^It  has  long  been 
known  that  when  equal  measures  of  oleGant  gas  and  chlorine  are  mizeil 
over  water,  absorption  of  the  mixture  takes  place,  and  a  yellowish  oily 
liquid  i»  produced,  which  collects  upon  the  surfeoe  of  the  water,  and 
ultimately  sinks  to  the  bottom  in  drops.  It  may  be  easily  prepared,  in 
quantity,  by  causing  the  two  gases  to  combine  in  a  glass  globe,  having 
a  narrow  neck  at  the  lower  part,  dipping  into  a  small  bottle,  destined 
to  receive  the  product.  The  two  gases  are  conveyed  by  separate  tubes, 
and  allowed  to  mix  in  the  globe,  the  olefianl  gaa  being  kept  a  Utile  in 
excess.  The  chlorine  should  be  washed  with  water,  and  the  oiefiant  gas 
passed  through  strong  oil  of  vitriol,  to  remove  vapour  of  ether:  the 
presence  of  sulphuioui  and  carbonic  acids  is  not  injurious.  Combine 
tion  takes  place  very  rapidly,  and  the  liquid  product  trickles  down  the 
sides  of  the  globe  into  the  receiver.    When  a  considerable  qoantitj  hat 
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been  collected,  it  is  agitated,  fii-st  with  water,  and  afterwards  with 
concentrated  sulphuric  acid  ;  it  is,  lastly,  purified  by  distillation.  •  If 
impure  oleHant  gas  be  emploj'ed,  the  crude  product  contains  a  large 
quantity  of  a  substance  called  by  M.  Kegnault  chhro-sulphuric  acid, 
SOgCi,  which,  on  contact  with  water,  is  conrerted,  by  the  decomposi- 
tion of  the  latter,  into  sulphuric  and  hydrochloric  acids. 

Pare  Dutcholiquid  is  a  thin,  colourless  liquid,  of  agreeably-fragrant 
odour  and  sweet  taste:  it  is  slightly  soluble  in  water,  and  readily  so  in 
alcohol  and  ether.  It  is  heavier  than  water,  anil  boils  when  heated  to 
180°  (82*'-3C)  :  it  is  unaffected  by  oil  of  vitriol,  and  solid  hydrate  of 
potassa.  When  inflamed,  it  burns  with  a  greenish,  smoky  light.  This 
substance  yields,  by  analysis,  C^H^CIg. 

When  Dutch-liquid  is  treated  with  an  alcoholic  solution  of  caustic 
potassa,  it  is  slowly  resolved  into  chloride  of  potassium,  which  sepa- 
rates, and  into  a  new  and  exceedingly  volatile  substance,  containiijg 
€411,01,  whose  vapour  requires  to  be  cooled  down  to  (P  (-!?*'•  7C) 
before  it  condenses.  At  this  temperature  it  forms  a  limpid,  colourless 
liquid.  Chlorine  is  absorbed  by  this  substance,  and  a  compound 
pitMluced,  which  contains  C4H3CI,:  this  is  m  turn  decomposed  by  an 
alcoholic  solution  of  hydrat«  of  potassa  into  chloride  of  potassium  and 
a  new  volatile  liquid,  C4H2CI1. 

Bromide  and  iodide  of  olefiant  oas,  C^H^Br^  and  C^H^I,. — 
These  compounds  correspond  to  Dutch-liquid:  they  are  pioduced  by 
bringing  olefiant  gas  in  contact  with  bromine  and  iodine.  The 
bromide  is  a  colourless  liquid,  of  agi-eeable  ethereal  odour,  ancl  has  a 
dem:ity  of  2-16:  it  boils  at  265°  (129°- 5C),  and  solidifies,  when 
cooled  to  near  0°  (—  17°'7C).  The  iodide  is  a  colourless,  crystalline, 
Tolatile  substance,  of  penetrating  odour:  it  melts  at  174°  (78°* 8C), 
resists  the  action  of  sulphuric  acid,  but  is  decomposed  by  caustic 
potassa.  Bromide  of  ethylene  acts  very  powerfully  upon  a  solution  of 
sulphide  of  potassium,  producing  sulphide  of  ethylene. 

C4H4Br4-f-  2KS = 2KBr-*-  C^H^Sg. 

Products  op  the  action  of  chlorine  on  Dutch-liquid; 
CHLORIDES  OP  CARBON. — Dutch-liquid  readily  absorbs  chlorine  gas, 
and  yields  several  new  oompouods,  produced  by  the  abstraction  of 
successive  portions  of  hydrogen,  and  its  replacement  or  substitution 
by  equivalent  quantities  of  chlorine.  This  regular  subsiitation  of 
chlorine,  bromine,  iodine,  &c.,  in  place  of  hydrogen,  as  before  stated, 
is  a  phenomenon  of  constant  occurrence  in  reactions  between  these 
bodies  and  very  many  organic  compounds.  Id  the  present  case  four 
such  steps  may  be  traced,  giving  rise,  in  each  instance,  to  hydrochloric 
acid  and  a  new  substance.  Three  out  of  the  four  new  products  are 
volatile  h'quids,  ccmtaining  respectively,  C4H3CI,,  C4H,Cl4  and  €41105 ; 
the  fourth  €401^  in  which  the  substitution  of  chlonne  tor  hydrogen  is 
complete,  is  the  M>nde  of  carbon,  long  ago  obtained  by  Mr.  Faraday 
by  putting  Dutch-liquid  into  a  vessel  of  dilorine  gas,  and  exposing  the 
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whole  to  the  influence  of  light.  The  action  of  bromine  upon  bromide 
of  ethylene  gives  lise  to  the  compoand  CfH^Bri,  from  which  the  other 
bromine  compounds  corresponding  to  the  chlorine  bodies  abore  mea* 
tioned,  may  be  obtained  by  treatment  with  bromine. 

Sesquiculoride  or  Perchloride  of  Carbon,  C^Cl^  is  a  white, 
solid,  crystalline  substance,  of  aromatic  odour,  insoluble  in  water,  bat 
easily  dissolyed  by  alcohol  and  ether:  it  melts  at  320°  (16(FC),  and 
boils  at  a  temperature  a  little  above.  It  bums  with  difficulty,  and  is 
anaflTecied  by  both  acids  and  alkalis.     It  is  prepared  as  above  stated. 

PROTOCHLORIDE  OF  Carbon,  C4CI4. — When  the  vapour  of  the  preced- 
ing substance  is  transmitted  through  a  red-hot  porcelain  tube  filled  with 
fragments  of  glass  or  rock-crystal,  it  is  decomposed  into  free  chlorine, 
and  a  second  chloride  of  cai'bon,  which  condenses  in  the  form  of  a 
volatile,  colourless  liquid,  which  has  a  density  of  1*55,  and  boils  at 
248''  (120°C).  The  density  of  its  vapour  is  5*82.  It  resembles  in 
chemical  relations  the  perchJoride. 

Bichloride  of  Carbon,  CSCI4. — A  fourth  chloride  of  carbon  is 
known  and  will  be  desciibed  here,  although  it  is  not  derived  finom  the 
alcohol  group.  It  is  formed  by  passing  the  vapour  of  bisulphide  of  carbon, 
together  with  chlorine,  through  a  red-hot  porcelain  tube.  A  mixture  of 
chloride  of  sulphur  and  bichloride  of  carbon  is  formed,  which  is  distilled 
with  potassa,  when  the  chloride  of  sulphur  is  decompo6ed,  and  pure 
bichloride  passes  over.  It  is  a  colourless  liquid  of  1 '  56  ap.  gr.,  and 
boils  at  170°' B  (77^C).  An  alcoholic  solution  of  potassa  converts  this 
compound  into  a  mixture  of  chloride  of  potassium  and  carbonate  of 
potassa.  The  same  compound  is  formed  by  exhausting  the  action  of 
chlorine  upon  marsh-gas  and  chloride  of  methyl  in  the  sunshine. 

Combustible  platinum-salts  of  Zeise. — A  solution  of  bichloride 
of  platinum  in  alcohol  is  mixed  with  a  little  diloride  of  potas&iam 
dissolved  in  hydrochloric  add,  and  the  whole  digested  some  hours  at 
a  high  temperature.  The  alcohol  is  distilled  off,  the  acid  residue  neu- 
tralized by  carbouate  of  potassa,  and  left,  to  crystallize.  The  distilled 
liquid  contains  hydrochloric  ether  and  aldehyde.  The  platinum-salt 
forms  yellow,  transparent,  prismatic  crystals,  which  become  opaque  on 
heating  from  loss  of  water :  when  introduced  into  the  flame  of  a  spirits 
lamp,  the  salt  burns  vividly,  leaving  metallic  platinum.  It  is  soluble 
in  5  parts  of  worm  water.  When  dried  at  212°  (100°C),  thU  sub- 
stance  contains  Pt,Cl2,C4H4-f-  KCI.  Corresponding  compounds,  contain- 
ing Pt^Cl^C^H^+NaCI,  and  PtjCl^C^H^+NH^Cl,  are  known  to  exist. 

The  chloride  of  potassium  can  be  separated  from  the  above  com- 
pound by  the  cautious  addition  of  bichloride  of  platinum:  the  Altered 
solution  yields  by  evaporation  in  vacuo  a  yellow,  gummy,  acid  mass. 
The  solution  is  slowly  decomposed  in  the  cold,  and  rapidly  at  a  boiling 
heat,  witl)  separation  of  a  black  pi-ecipitate.  These  compounds  are  3^ 
uncertain  constitution. 
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PSODUCTS  OF  THE  ACTION  OF  ANHTDR0U8   SULPHURIC  ACID  ON 

ALCOHOL  AND  OLEFIANT  GAS. 

When  absolute  alcohol  is  made  to  absorb  the  vapour  of  anhydrous 
sulphuric  acid,  a  white,  crystalline,  solid  substance  is  produced,  fusible 
at  a  gentle  heat,  which,  when  purified  from  adhering  acid,  is  found  to 
consist  of  carbon,  hydrogen,  and  the  elements  of  sulphuric  acid,  in  the 
relation  of  the  equivalent  numbers,  or  probably,  C4H4,4SO,.  To  this 
substance  Magnus  applies  the  name  sulphate  of  carbyl,  A  body  very 
similar  in  appearance  and  properties,  and  probably  identical  with  this, 
had  previously  been  produced  by  M.  Regnault,  by  passing  pure  and  dry 
defiant  gas  over  anhydrous  sulphuric  acid  contained  in  a  bent  tube. 

When  the  crystals  of  sulphate  of  carbyl  are  diraolved  in  alcohol, 
water  added,  the  whole  neutralized  by  carbonate  of  baryta,  and  the 
filtered  solution  concentrated  by  veiy  gentle  heat  to  a  small  bulk,  and 
then  mixed  with  a  quantity  of  alcohol,  a  precipitate  falls,  which  con- 
sists of  baryta,  in  combination  with  a  peculiar  acid  closely  resembling 
the  sulphovinic,  but  yet  differing  in  many  important  paiticulars.  By 
the  cautious  addition  of  dilute  sulphuric  acid,  the  base  may  be  with- 
drawn, and  the  hydrate  of  the  new  acid  left  in  solution :  it  bears 
the  name  of  ethionic  acid,  and  contains  €41190,4303+ '^HO.  The 
ethionates  differ  completely  from  the  sulphovinates :  all  are  soluble  in 
water,  and  appear  to  be  anhydrous.  Those  of  lime,  baryta,  and  oxide 
of  lead  refuse  to  crystallize ;  the  ethionates  of  potassa,  soda,  and  am- 
monia, on  the  contrary,  may  readily  be  obtained  in  good  crystals. 

Wh&i  a  solution  of  ethionic  acid  is  boiled,  it  is  decomposed  mto 
salphuric  acid,  and  a  second  new  acid,  the  isetfuoruc,  isomeric  with 
salphovinic  add.  The  isethionic  acid  and  its  salts  are  very  stable: 
their  solutions  may  be  boiled  without  decomposition.  The  isethionates 
of  baryta,  lead,  copper,  potassa,  soda,  and  ammonia  crystallize  with 
fiunlity,  and  cannot  be  confounded  with  the  sulphovinates.  Isethio- 
nate  of  anomonia  has  been  lately  converted  into  taurin.  (See  Tauiin.) 
The  hydrated  acid  contains  €41150,280,+ HO. 

The  action  of  anhydrous  sulphuric  acid  on  ether,  as  has  been  already 
mentioned,  gives  rise  to  the  foimation  of  neutral  sulphate  of  eth;y  1  (see 
page  458).  Together  with  this  substance,  sulphuric  acid  and  several 
other  acids,  methionic  (see  IHsulphometholic  Acid)  and  althionic,  are 
obtained :  the  latter  acid  is  not  yet  sufficiently  studied. 


PRODUCTS  OF  THE  ACTION  OF  CHLORINE  ON  ALCOHOL,  ETHER, 

AND  ITS  COMPOUNDS. 

Chloral. — Perfectly  dry  chlorine  is  passed  into  anhydrous  alcohol 
to  saturation ;  the  gas  is  absorbed  in  large  quantity,  and  hydrochloric 
add  abundantly  produced.  Towards  the  end  of  the  process  the 
rieaction  must  be  aided  by  heat.     When  no  more  hydrochloric  add 
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appears,  the  cun'ent  of  chlorine  is  interrupted,  and  the  prodact  agitated 
with  three  times  its  volarae  of  concentrated  sulphuric  add.  On  gentlj 
warming  this  mixture  in  a  water-bath,  the  impure  chloral  separates  as 
an  oil  J  liquid,  which  floats  on  the  surface  of  the  acid :  it  is  purified  bj 
distillation  from  fresh  oil  of  vitriol,  and  ailerwards  from  a  small 
quantity  of  quicklime,  which  must  be  kept  completely  covered  by  the 
liquid,  until  the  end  of  the  operation.  Chloral  has  been  obtained  frmn 
starch,  by  distillation  with  hydrociiloric  acid  and  binoiide  of  man- 
ganese. 

Chloral  is  a  thin,  oily,  colourless  liquid,  of  peculiar  and  penetratazig 
odour,  which  excites  tears:  it  has  but  little  taste.     When  dropped 
upon  paper  it  leaves  a  greasy  stain,  which  is  not,  however,  peiinaneiii. 
It  has  a  density  of  1-502',  and  boils  at  201° -2  (^94°C).     Chloral  is 
freely  soluble  in  water,  alcohol,  and  ether;  it  forms,  with  a  small 
quantity  of  water,  a  solid,  crystalline  hydrate:   the  solution  is  not 
affected  by  nitrate  of  silver.    Caustic  baryta  and  lime  decompose  the 
vapour  of  chloral  when  heated  in  it  with  appearance  of  ignition :  the 
dxide  is  converted  into  chloride,  carbon  is  deposited,  and  carbonic  oxide 
set  free.     Solutions  of  caustic  alkalis  also  decompose  it,  with  produc- 
tion of  a  formate  of  the  base,  and  a  volatile  liquid,  chlorofonti.   Chloral 
contains  C^HCljOj. 

When  chloral  is  preserved  for  any  length  of  time,  even  in  a  vessel 
hermetically  sealed,  it  undergoes  a  veiy  extraordinary  change — it  be- 
comes convei-ted  into  a  solid,  white,  translucent  substance,  inaohible 
chhralj  possessing  exactly  the  same  composition  as  the  liquid  itselC 
The  new  product  is  but  veiy  slightly  soluble  in  water,  alcohol,  or 
ether :  when  exposed  to  heat,  alone,  or  in  contact  with  oil  of  vitriol, 
it  is  reconverted  into  ordinary  chloral.  Solution  of  cau&tic  potassa 
resolves  it  into  formic  acid  and  chloroform.  Bromine  acts  upon  alcohol 
in  the  same  manner  as  chlorine,  and  giv»  rise  to  a  product  very 
similar  in  properties  to  the  foregoing,  ^led  hromal,  which  contains 
C^HDr^O,.  It  forms  a  ciystallizable  hydrate  with  water,  and  is  de- 
compose^!  by  strong  alkaline  solutions  into  formic  acid  and  bromoform, 
A  corresponding  iodine-compound  probably  exists. 

Chlorine  acts  in  a  different  manner  upon  alcohol  which  oontains 
water:  when  very  dilute,  the  principal  products  are  hydrochloric  add 
9nd  aldehyde,  the  change  being  one  of  oxidation  at  the  expense  of  the 
water.  With  strong  spirit  the  reaction  is  more  complex,  one  of  its 
products  being  a  volatile,  oily,  colourless  liquid,  of  uncertain  oomposi- 
tion,  long  known  under  the  name  of  heavy  rmuiatic  ether. 

The  mode  of  action  of  diy  chlorine  on  pure  etlier  conforms  strictly 
to  the*law  of  substitution  before  mentioned:  the  carbon  remains  in- 
tact, while  a  portion  or  the  whole  of  the  hydrogen  is  removed,  and  its 
place  supplied  by  an  equivalent  quantity  of  chlorine.  Ether  exposed 
to  a  current  of  the  dry  gas  for  a  considerable  period,  the  temperature 
being  at  first  artificially  reduced,  vieMs  a  heavy  oily  product,  having 
the  odour  of  fennel.    This  i&  found  by  analysis  to  contain  C^H,CI1/), 
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fir  ether,  in  which  2  eq.  of  chlonne  have  been  sabfttituted  for  2  eq.  of 
hydrogen.  It  may  be  termed  bichlorinetted  ether.  By  tlie  further 
action  of  chlorine,  aided  by  sanlight,  the  remaining  hydrogen  is  re- 
moved, and  a  white  crystalline  solid  substance,  closely  resembling  ses- 
q^icbloride  of  carbon  produced.  This  is  composed  of  C^CljO:  it  is 
called  pentachlorinetted  ether.  In  a  substance  called  chloretheral^ 
C4H4CIO,  accidentally  formed  by  M.  d'Aroet,  in  the  preparation  of 
Dutch-liquid,  from  the  ether-vapour  mixed  with  the  defiant  gas,  we 
have  evidently  the  firat  member  of  this  series. 

With  the  compound  ethers,  the  same  remarkable  law  is  usually  fol- 
lowed. The  change  is,  however,  oflen  complicated  by  the  appearance 
of  secondary  products.  Thus,  chlorinetted  acetic  ether,  a  dense,  oily 
liquid,  very  different  from  common  acetic  ether,  was  found  to  contain 
C^^UO^i  being  a  substitution-product  of  CBHsO^sC^HjCC^HgOj: 
and  chiorinetted  formic  ether^  C^H^CljO^,  is  fonned,  in  like  manner, 
by  tiie  substitution  of  2  eq.  chlorine  for  2  eq.  hydrogen  in  ordinary 
formic  ether,  CaHg04  =  C4H40,C8HO,.  A  most  remarkable  and  in- 
teresting set  of  compounds,  due  to  substitution  of  this  kind,  are  formed 
by  the  action  of  chlorine  on  chloride  of  ethyl,  or  light  hydrochloric 
ether.  When  the  vapour  of  this  substance  is  brought  into  contact  with 
chlorine  gas,  the  two  bodies  act  upon  one  another,  producing  hydrochloric 
acid  and  a  colourless  oily  liquid,  very  like  Dutch-liquid,  but  yet  differ- 
ing from  it  in  several  important  points  :  It  has,  however,  precisely  the 
same  composition,  and  its  vapour  has  the  same  density.  By  the  pro- 
longed action  of  chlorine  three  other  compounds  are  successively  ob- 
tained, each  poorer  in  hydrogen  and  richer  in  chlorine  than  the  pre- 
ceding, the  ultimate  product  being  the  well-known  sesquichloride  of 
carbon  of  Mr.  Famday. 

Hydrochloric  ether C4H4CI 

Monochlorinetted  hydrochloric  ether  .  CfEf^Clg 

Bichlorinetted  „  „         .        .  C^HjCl, 

Trichlorinetted  „  „     .         .  C4H<Cl4 

Qnadrichlorinetted        „  „         .        .  C4H  CI4 

Sesquichloride  of  carbon  .        .        .        .  C4    Cl« 


DERIVATIVE8  OP  ALCOHOL  CONTAIJflNO  SULPHUR. 

Mercaptan. — A  solution  of  caustic  potassa,  of  1*28  or  1*3  sp.  gr., 
ia^turated  with  sulphuretted  hydrogen,  and  mixed  in  a  retort  with 
an  equal  volume  of  solution  of  sulphovinate  of  lime  of  the  same  den- 
sty.  The  retort  is  connected  with  a  good  condenser,  and  heat  is 
applied  by  means  of  a  bath  of  salt  and  water.  Mercaptan  and  water 
distil  over  together,  and  are  easily  separated  by  a  separating  funnel.  The 
prodact  thus  obtained  is  a  colourless,  limpid  liquid,  of  sp.  gr.  0*842, 
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but  slightly  solable  in  water,  easily  miscible,  on  the  contrary^  irith 
alcohol.  It  boils  at  97°  (36°C).  The  yapoor  of  menaiptan  has  a 
most  intolerable  odour  of  onions,  which  adheres  to  the  clothes  and 
person  with  great  obstinacy :  it  is  very  inflammable,  and  bums  with  a 
blue  flame.  Mercapian  contains  C4H,S|  =  C4U0S,HS;  or  aloohol, 
having  sulphur  in  the  place  of  oxygen. 

When  brought  into  contact  with  red  oxide  of  mercury,  even  in 
the  cold,  violent  reaction  ensu^*  water  is  formed  and  a  white  sub- 
stance is  produced,  soluble  in  alcohol,  and  separating  from  that  liquid 
in  distinct  crystals,  which  contain  C4H3S,HgS.  This  compound  is 
decomposed  by  sulphuretted  hydrogen,  sulphide  of  mercury  heing 
thrown  down,  and  mercaptan  reproduced.  By  adding  solutions  o^ 
the  oxides  of  lead,  copper,  silver,  and  gold  to  an  alcoholic  solution  of 
mercaptan,  corresponding  compounds  containing  those  metals  an 
formed.  Caustic  potassa  produces  no  effect  upon  mercaptan,  but  po- 
tassium displaces  hydrogen,  and  gives  rise  to  a  cry  stall  izable  compound 
soluble  in  water. 

Xanthic  acid. — The  elements  of  ether  and  those  of  bisulphide  of 
carbon  combine  in  presence  of  an  alkali  to  a  very  extraordinary  sub- 
stance possessing  the  properties  of  an  oxygen  acid,  to  which  the  name 
xanthio  is  applied,  on  account  of  the  yellow  colour  of  one  of  its  most 
peimanent  and  characteristic  salts,  that  with  oxide  of  copper. 

Alcohol  of  0*800  sp.  gr.  is  saturated,  whilst  boiling,  with  potassa, 
and  into  this  solution  bisulphide  of  carbon  is  dropped  until  it  ceases  to 
be  dissolved,  or  until  the  liquid  loses  its  alkalinity.  The  whole  is  thea 
cooled  to  0°  (—  17^'8C),  when  the  potassa-salt  separates  in  the  form 
of  brilliant,  slender,  colourless  prisms,  which  must  be  quickly  pressed 
between  folds  of  bibulous  paper,  and  dried  in  vacuo.  It  is  freely 
soluble  in  water  and  alcohol,  but  insoluble  in  ether,  and  is  gradually 
destroyed  by  exposure  to  air  by  oxidation  of  a  part  of  the  sulphur. 
Hydrated  xanthic  acid  may  be  prepai-ed  by  decomposing  the  foregoing 
compound  by  dilute  sulphuric  or  hydrochloric  add.  It  is  a  colour^ 
less,  oily  liquid,  heavier  than  water,  of  powerful  and  peculiar  odour, 
and  very  combustible :  it  reddens  litmus-paper,  and  ultimately  bleaches 
it.  Exposed  to  gentle  heat,  it  is  decomposed  into  alcohol  and  bisul- 
phide of  carbon:  this  happens  at  a  temperature  of  75°  (23°*8C). 
Exposed  to  the  air,  or  kept  beneath  the  surface  of  water  open  to  the  atmo- 
sphere, it  becomes  covered  with  a  whitish  crust,  and  is  gradually  de- 
stroyed. The  xanthates  of  the  alkalis  and  of  baryta  are  colourless  and 
crystallizable ;  the  lime-salt  dries  up  to  a  gummy  mass ;  the  xanthates 
of  the  oxides  of  zinc,  lead,  and  mercury  are  white,  and  but  feebly 
soluble,  that  of  copper  is  a  flovculent,  insoluble  substance,  of  beautiful 
yellow  colour. 

Hydrated  xanthic  acid  contains  C^HjS^OjHO ;  or  €411,0,0584,110. 
In  the  salts  this  water  is  replaced  by  one  equivalent  of  a  metallic 
oxide. 

*  Whence  the  name,  mercurium  captam,  or  perhaps  mercuHo  ofxhrm. 


DEBIVATIVES  OF  ALOOHOL  CONTAIKINa  METALS. 

Zinc-ethyl. — In  heating  iodide  of  ethyl  with  zinc  in  sealed  glass 
tubes  (see  Compound  Ethers ;  Ethyl-theory,  p.  457),  a  white  substance 
remains  in  the  tube,  which  is  a  mixture  of  iodide  of  zinc  and  a  peculiar 
volatile  compound,  to  which  Dr.  Frankland  has  given  the  name  zitio 
ethyl.  It  may  be  separated  &om  the  residue  by  distilling  it  in  a  current 
of  hydrogen,  when  it  is  obtained  in  the  form  of  a  liquid  of  a  disagreeable 
odour,  which  contains  C^H^Zn.  In  contact  with  atmospheric  air  it  is 
so  rapidly  oxidized  as  to  take  Are.  When  mixed  with  water  this  com- 
pound is  violently  decomposed  with  evolution  of  a  carbonetted  hydro- 
gen, having  the  foi-mula  C^}i^=Cfi^U,  which  may  be  viewed  as  the 
hydride  of  ethyl.  Zinc-ethyl  forms,  with  binoxide  of  nitrogen,  a  pecu- 
liar compound  of  dinitroethylate  of  zinc  with  zinc-ethyl  =  ZnOyC^H^ 
NgO^jC^HjZn.  This  substance  takes  fire  when  exposed  to  the  action  of 
the  air:  with  water  hydride  of  ethyl  and  basic  dinitroethylate  of  zinc 
are  produced.  Dinitroethylic  acid,  separated  from  its  saline  com- 
pounds, possesses  but  very  little  stability.  It  forms  a  series  of  well- 
defined  salts.  The  action  of  anhydrous  sulphurous  acid  on  zinc-ethyl 
gives  rise  to  the  formation  of  a  crystalline  compound,  which  is  the 
zino^alt,  of  a  peculiar  acid,  ethylotrlthionic  acid,  ZnO,C4H2S,05,HQ 
(Hobson). 

Zinc^cthyl,  when  treated  with  potassium  or  sodium,  produces  potas- 
sium-ethyl and  sodium-ethyl,  two  bodies,  which,  in  their  general  cha- 
racters, closely  resemble  zinc-ethyl  (Wanklyn). 

Ethvl  OOUPOC7ND6  OP  TIN. — A  series  of  substances  have  been 
described  by  Frankland,  Loewig,  Buckton,  and  Cahours,  which  contain 
the  elements  of  ethyl  associated  with  the  metal  tin. 

Stannetuyl  (C4H4')  Sn.— When  iodide  of  ethyl  and  tinfoil  are 
heated  together  in  a  sealed  glass  tube  from  about  30(M)50^  (150°  to 
180^)  the  iodide  of  stannethyl  (C4H5)  Sn  is  produced,  crystallizing 
in  colourless  needles.  It  is  also  obtained  when  tin  and  iodide  of  ethyl 
are  exposed  to  the  rays  of  the  sun  concentrated  by  a  parabolic  reflector. 
The  reaction  is  considerably  facilitated  if  the  tin  be  alloyed  with  one- 
tenth  of  its  weight  of  sodium.  Treatment  of  the  iodide  with  sodium 
or  zinc  liberates  the  stannethyl  in  the  form  of  a  thick,  oily  liquid, 
insoluble  in  water,  and  having  the  sp.  gr.  1  *  55.  Expa^ied  to  the  action 
of  the  atmosphere,  stannethyl  absorbs  oxygen  and  is  converted  iuto 
oxide  of  stannethyl  (C^H,)  SnO,  which  is  an  inodorous  and  tasteless 
powder  of  a  whitish  colour.  This  substance  ctXDbines  with  most 
acids  giving  rise  to  a  series  of  well-crystallizable  salts,  which  are 
soluble  in  water  and  alcohol,  but  dissolve  only  with  difficulty  in  ether. 
Stannethyl  combines  directly  with  chlorine,  bromine,  and  iodine,  its 
compounds  with  cyanogen  and  sulphocyanogen  are  also  known. 
Stannsesquietuyl  (C^HJ,  Sn^  is  invaiiably  produced  in  smalt 
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quantities  when  stannethyl  is  prepared  by  the  methods  above   men- 
tioned.    It  is  i-eadily  obtained   in   the  free  state  by   the   following 
process.     An  alloy  of  1  part  of  sodium  and  5  parts  of  tia  is  digested 
with  iodide  of  ethyl,  and  the  mass  obtained  extj*acted  with    ether. 
The  ethereal  solution  is  evaporated  and  the  residue  extracted    with 
alcohol  when  stannsesquiethyl  being  insoluble  in  that  liquid  remains 
behind.    It  is  a  yellow  oil,  boiling  at  35G°(180°C),  combining  directly 
with  oxygen,  chlorine,  bromine,  and  iodine.      The  compounds   thus 
produced  are  mostly  volatile  without  decomposition,  and  possess  a  very 
penetrating  odour.      Oxide  of  stannsesquiethyl   is  best  obtained    by 
distilling  oxide  of  stannethyl  with  potassa :  it  is  soluble  in  alcohol,  in 
ether,  and  in  water  ;  the  aqueous  solution  has  a  strong  alkaline   reac- 
tion.    The  anhydrous  oxide  is  an  oily  liquid ;  addition  of  water  con- 
verts it  into  the  hydrate  (C^Hj),  SnjO+ HO,  w^hich  crystallizes  in 
olourless  prisms  fusing  at  113°  (4o°0),and  boiling  at  522°  (27-J°C). 
Oxide  of  stannsosquiethyl  unites  directly  with  acids,  giving  rise  to  the 
formation  of  salts,  some  of  which  are  crystalliz.ible. 

Stanndietuyl  (C4U5),  Su  is  produced  bv  the  action  of  zino-ethy] 
upon  bichloride  of  tin  2  [(C^H^)  Zn]+SnCl2  =  (C4H3)j  Sn+2ZnCl, 
or  also  upon  chloride  of  stannethyl  or  chloride  of  stannsesquiethyl. 

It  is  also  produced  by  the  distillation  of  stannetByl  2(C4H^Sn)  = 
(C^H^),  Sn+Sn.  Stanndiethyl  is  a  colourless,  nearly  odourless  liquid 
of  sp.  gr.  1-19,  boiling  at  35S°  (181°C).  It  is  very  inflammable, 
biimiug  with  a  highly  luminous  flame.  It  does  not  form  saline  com- 
pounds with  the  acids.  On  treatment  with  iodine  it  splits  into  iodide 
of  ethyl  and  iodide  of  stannsesquiethyl.  When  heated  with  strong 
hydrochloric  acid  it  yields  hydride  of  ethyl  and  chloride  of  6tannse»> 
quiethyl  2  [  (C4H,),  Sn3+HCl  =  (C4H5),  Sn^Cl+C^H^H. 

BiSMETHYL. — This  substance  is  formed  by  the  action  of  iodide  of 
ethyl  upon  an  alloy  of  bismuth  and  potassium  ;  from  the  residue  it  is 
extracted  with  ether.  It  contains  BiC^H^  =  Bi(C4H3)„  and  forms  a 
yellow  liquid  of  1  *  82  sp.  gr.,  which  possesses  a  most  nauseoua  odoor, 
and  emits  fumes  which  inflame  when  coming  in  contact  with  the 
air.  It  combines  with  oxyg^,  chlorine,  bromine,  iodine,  and  with 
nitric  acid. 

Plgmbkthyl. — The  prodnct  of  the  action  of  iodide  of  etliyl  upon 
an  alloy  of  lead  and  sodium  is  exhausted  with  ether,  which  dissolves 
a  mixture  of  several  compounds  of  lead  with  ethyl.  On  exposing  tha 
ethereal  solution  to  the  air^  a  white  amorphous  powder  is  obtained, 
containing  Pb2G|2Hjj=Pb2(C4Hj),.  This  substance  is  capable  of 
forming  salts.  As  yet  only  the  nitrate  Pbj''C4H4),0,NO^  the 
sulphate  Pb,(04H5)30,S08,  and  carbonate  PbjCC4Ha),0,C0-,  have 
been  obtained.  The  nitrate,  decomposed  by  potassa,  yields  to  ether  the 
hydrated  oxide,  which  remains  upon  evaporation  of  the  ether  as  a 
Viscid  mass,  which  gradually  crystallizes.  This  sabstaiice  is  easily 
soluble  in  water,  alcohol,  and  etlier ;  the  solution  possesses  a  power-, 
fully  alkaline  reaction. 
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By  decomposiDg  zinc-ethjl  bj  chloride  of  lead,  Mr.  Buckton  hns 
lately  obtained  another  plumbethyl  of  the  foi-mula  PbCgHj^s 
PbCC^H^V  It  is  a  liquid,  boiling  above  392°  (200**C),  which  produces 
crystalline  salts  with  the  adds. 

'Hydbargyrethyl. — According  to  Frankland,  iodide  of  ethyl  is 
readily  attacked  bj  mercury.  The  mixture  solidifies  after  some  time 
into  a  white,  crystalline  mass,  which  is  iodide  of  hydrargyrethy^, 
C4H^Hg2l.  It  is  insoluble  in  water,  soluble  in  alcohol  and  ether, 
readily  fusible,  and  may  be  sublimed  without  decomposition.  There 
is  a  con-esponding  nitrate  and  cfaloiide  known : — 

Nitrate  of  hydrargyrethyl        •         .     C^H^IIgjCNO, 
Chloride  of  hydrargyrethyl     .         .         C^HftHgjCl 

They  are  both  crystallizable  compounds.  The  action  of  zinc^ethyl  on 
chloride  of  mercury  gives  rise  to  the  formation  of  a  liquid  body 
C^HjHg,  of  sp.  gr.  2-4,  and  boiling  at  320<^  (160°C). 

Compounds  of  ethyl  with  magnesium  and  aluminium  have  likewise 
been  obtained. 

Telluriumethyl  C4H3Te  is  a  heavy  yellowish-red  liquid,  which  is 
obtained  by  distilling  telluride  of  potassium  with  sulphovinate  of 
potassa. 

It  dissolves  in  nitric  acid  with  formation  of  nitrate  of  oxide  of  tel- 
luriumethyl, addition  of  hydrochloric  acid  to  the  solution  of  this 
nitrate  precipitates- chloride  of  telluriumethyl  C^H^TeCl,  a  colourless 
oil  which  may  be  distilled  without  decomposition.  Chloride  of  tel- 
luriumethyl, when  treated  with  water  and  oxide  of  silver,  yields 
chloride  of  silver  and  oxide  of  telluriumethyl,  which  remains  dissolved 
in  the  water  and  is  deposited  in  the  crystalline  form,  on  allowing  the 
water  to  evaporate  spontaneously.  The  aqueous  solution  of  this  base 
has  a  slightly  alkaline  reaction,  it  forms  crystallizable  salts  with  sul- 
phuric and  hydriodic  adds;  the  oxychloride  C^H^TeO+C^H^TeCl  is 
also  crystallizable. 

BORETUYL. — Dr.  Frankland  has  obtained  this  compound  by  treating 
boracic  ether  with  zinc-ethyl,  it  is  a  colourless,  mobile  liquid  of  a 
pungent  odour,  irritating  the  eyes,  of  sp.  gr.  0*696,  and  boiling 
at  203°  (95°C).  Borethyl  is  insoluble  in  water,  but  very  slowly 
decomposed  when  left  in  prolonged  contact  with  it.  When  exposed 
to  the  air  it  is  spontaneously  inflamed,  burning  with  a  beautiful  green 
and  somewhat  smoky  flame.  It  contains'  Bo(C4Hg),,  and  combines 
with  ammonia,  forming  NHg,Bo(C4H5),.  By  the  gradual  action  of  dry 
air  and  ultimately  dry  oxygen,  borethyl  is  converted  into  an  oxygen- 
eompomid  «f  the  fbrmula*  Bo  (C^H^),  O4. 

pHoePHETHYL. — The  compounds  of  ethyl  and  phosphorus  will  be 
considered  in  the  section  on  the  oi^nic  bases. 

Stibethtl. — Iodide  of  ethyl,  when  distilled  with  an  alloy  of  anti- 
mony and  potassium,  yields  a  curious  sufaetance,  which  MM.  Loewig 
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and  Schweizer  have  described  under  the  name  of  stibethyl.      It 
tains  SbC„H,4=Sb  (C.H.),. 

Absen ETHYL. — ^This  substance  is  obtained  like  stibeth3rl  by  tbe 
action  of  an  alloy  of  ai*Benic  and  sodium  upon  iodide  of  ethjl.  It 
contains  AsC|,H|2=As(C4Hg)g. 

We  shall  retain  to  this  and  the  preceding  compound,  wiien  tmeaUnf 
of  the  compound  ammonias. 


PRODUCTS  OF  THE  OXIDATION  OF  ALCOHOL. 

When  alcohol  and  ether  bunn  with  flame  in  free  air,  the  products  o^ 
their  combustion  are,  as  with  all  bodies  of  like  chemical  nature,  carbonic 
acid  and  water.  Under  ]}eculiar  circumstances,  however,  these  sub- 
stances undergo  partial  oxidation,  in  which  the  hydrc^en  alcme  is 
affected,  the  carbon  remaining  untouched.  The  result  is  the  produo- 
ti^n  of  certain  compounds,  which  form  a  series,  supposed  bj  some 
chemists  to  contain  a  common  radical,  to  which  the  name  cuxtyl  is  ap- 
plied. It  is  derived  fi-om  ethyl  by  the  oxidation  and  removal  of  2  eq. 
of  hydrogen. 

Table  cf  Acetyl-Compounda, 

Acetyl  (symbol  Ac)        ....  C4H, 

Oxide  of  acetyl  (unknown)  .        .        .  C^H^O 

Hydrate  of  oxide  of  acetyl ;  aldehyde         .  C4H,0,H0 

Anhydrous  acetic  add  .        .        .  C^H^O^ 

Acetylic  acid ;  acetic  acid  .        .        .  CfHjO^HO 

Acetyl  and  its  protoxide  are  alike  hypothetical. 

Aldehyde,  C^H^Oj  or  AcO,HO. — ^This  substonoe  is  formed,  as 
already  noticed,  among  other  products,  when  the  vapour  of  ether  or 
alcohol  is  transmitted  through  a  red-hot  tube ;  also,  by  the  action  of 
chlorine  on  weak  alcohol.  It  is  best  prepared  by  the  following  pro- 
cess:— 6  parts  of  oil  of  vitriol  are  mixed  with  4-  parts  of  rectified 
spirit  of  wine,  and  4  pails  of  water ;  this  mixture  is  poured  upon  6 
parts  of  powdered  binoxide  of  manganese,  contained  in  a  capacioos 
retort,  in  connection  with  a  condenser,  cooled  by  ice-cold  water. 
Gentle  heat  is  applied ;  and  when  six  parts  of  liquid  have  passed  over 
the  pi'ocess  is  interrupted.  The  distilled  product  is  put  into  a  small 
retort,  with  its  own  weight  of  chloride  of  calcium,  and  re-distiUed : 
this  operation  is  repeated.  The  aldehyde,  still  retaining  alcohol  and 
.other  impurities,  is  mixed  with  twice  its  volume  of  ether  and  saturated 
with  dry  ammoniacal  gas ;  a  crystalline  compound  of  aldehyde  and 
ammonia  separates,  which  may  be  washed  with  a  little  ether,  and  dried 
in  the  air.  From  this  substance  the  aldehyde  may  be  separated  by 
distillation  in  a  water-bath,  with  sulphuric  acid,  diluted  with  an  equal 
quantity  of  water:  by  careful  rectification  from  chloride  of  caldun). 
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at  a  temperature  not  exceeding  87°  (30°'5C),  it  is  obtained  pore  and 
anhydrous. 

An  interesting  formation  of  aldehyde  will  he  mentioned  under  the 
head  of  formic  acid. 

Aldehyde*  is  a  limpid,  colourless  liquid,  of  characteristic  ethereal 
odour,  which,  when  strong,  is  exceedingly  suffocating.  It  has  a  den- 
sity of  0-790,  boils  at  72°  (22°-3C),  and  mixes  in  all  proportions  with 
water,  alcohol,  and  ether:  it  is  neutral  to  test-paper,  but  acquires 
acidity  on  expot^ure  to  air,  from  the  production  of  acetic  acid :  under 
the  influence  of  platinum-black  this  change  is  very  speedy.  When  a 
solntion  of  this  compound  is  heated  with  caustic  potassa,  a  remarkable 
bi-own  resin-like  substance  is  produced,  the  so-called  aldehyde-resin. 
Gently  heated  with  protoxide  of  silver,  it  reduces  the  latter  without  ero^ 
lution  of  gai«,  the  metal  being  deposited  on  the  inner  surfatx  of  the  vessel 
as  a  brilliant  and  uniform  film ;  the  liquid  contains  acetate  of  silver. 

Aldehyde  can  be  re-converted  into  alcohol  by  treating  its  aqueous 
solution  with  sodium  amalgam,  the  liquid  being  kept  slightly  acid  by 
repeated  additions  of  hydrochloric  acid. 

When  treated  with  hydrocyanic  acid,  aldehyde  yields  a  substance 
called  alaninef  which  was  already  noticed,  when  ti^eating  of  lactic  acid, 
and  which  will  be  described  more  in  detail  in  the  section  on  vegeto- 
alkalis,  under  the  head  of  bases  from  aldehyde. 

The  action  of  sulphuretted  hydrogen  upon  the  ammonia-compound 
gires  rise  to  the  formation  of  thialdine,  noticed  likewise  under  the  head 
of  bases  from  aldehyde. 

The  ammonia-compound  above  mentioned  forms  transpareht,  colour- 
less crystals,  of  great  beauty :  it  has  a  mixed  odour  of  ammonia  and 
turpentine:  it  dissolves  very  easily  in  water,  with  less  facility  in 
alcohol,  and  with  difHculty  in  ether:  it  melts  at  about  170°  (76°Q, 
and  distils  unchanged  at  212°  (100°C).  Acids  decompose  it,  with 
prodnction  of  an  ammoniacal  salt  and  sepai-ation  of  aldehyde.  The 
crystals,  which  are  apt  to  become  yellow,  and  lose  their  lustre  in  the 
air,  contain  C^H^Oj-hNH,. 

When  pure  aldehyde  is  long  preserved  in  a  closely-stopped  vessel,  it 
is  sometimes  found  to  undergo  spontaneous  change  into  one,  and  even 
.two  isomeric  modifications,  differing  completely  in  properties  from  the 
original  compound.  In  a  specimen  kept  some  weeks  at  32°  (0°C), 
.transparent  acicular  crystals  were  observed  to  form  in  considerable 
•quantity,  which,  at  a  temperature  little  exceeding  that  of  the  freezing- 
point  of  water,  melted  to  a  colourless  liquid,  miscible  with  water, 
alcohol,  and  ether ;  a  few  crystals  remained,  which  sublimed  without 
fusion,  and  were  probably  composed  of  the  second  substance.  This 
new  body  received  the  name  ehldehyde ;  it  was  found  to  be  identical 
in  composition  with  aldehyde,  but  to  differ  in  properties  and  in  the 
density  of  its  vapour;  the  latter  has  a  sp.  gr.  of  4*515,  while  that  of 
aldehyde  is  only  1*532,  or  one-third  of  that  number.     It  refuses  to 

*  Alcohol  ddiydrofferuUiu, 
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combine  with  ammonia,  is  not  rendered  brown  by  potasBa,  and  is  bat 
little  aiTected  by  solution  of  silver. 

The  second  modification,  or  metcddehyde,  is  sometimes  produced  in 
pure  aldehyde,  kept  at  a  common  temperature  of  the  air,  even  in 
hermetically-sealed  tabes :  the  conditions  of  its  formation  are  unknown. 
It  forms  colourless,  ttansparent^  prismatic  crystals,  which  sublime 
without  fusion  at  a  temperature  above  212^  (lOO^C),  and  are  soluble 
in  alcohol  and  ether,  but  not  in  water.  They  also  were  found,  bj 
analysis,  to  have  the  same  composition  as  aldehyde.  The  subatance 
which  we  have  described  by  the  term  of  chloral  may  be  viewed  as 
trichlorinetted  aldehyde. 

AcBTAL. — This  substance  is  one  of  the  products  of  the  slow  oxida- 
tion of  alcohol-vapour  under  the  induence  of  platinum-black.  Spirit  of 
wine  is  poured  into  a  large,  tall,  glass  jar,  to  the  depth  of  about  an 
inch,  and  a  shallow  capsule,  containing  slightly-moistened  platinunH 
bUck,  arranged  above  the  surface  of  the  liquid ;  the  jar  is  loosely 
covered  by  a  glass  plate,  and  left  during  two  or  three  weeks  in  a  warm 
situation.  At  the  expiration  of  that  period  the  liquid  is  found  highly 
acid :  it  is  to.be  neutralized  with  carbonate  of  potassa,  as  much  chioridie 
ot  calcium  added  as  the  liquid  will  dissolve,  and  the  whole  subjected 
to  distillation,  the  first  fourth  ouly  being  collected.  Fused  chloride  of 
calcium  added  to  the  distilled  product  now  throws  up  a  light  oily 
liquid,  which  is  a  mixture  of  acetal  with  alcohol,  aldehyde,  and  aoe^ 
ether.  By  fresh  treatment  with  chloride  of  calcium,  and  long  expo^re 
to  gentle  heat  in  a  retort,  the  aldehyde  is  expelled.  The  acetic  ether  is 
-destroyed*  by  caustic  potassa,  and  the  alcohol  I'emoved  by  washing  with 
water,  after  which  the  aoetal  is  again  digested  with  fused  chloride  of 
calcium,  and  redistilled. 

^ure  acetal  is  a  thin,  colourless  fluid,  of  agi-eeable  ethereal  odour,  of 
Sp.  gr.  0-821  at  72°  (22°-2  C),  and  boiling  at  220°  (104°  C).     It  is 

soluble  in  18  parts  of  water,  and  niisctble  in 
Fig.  184.  all  proportions  with  alcohol  and  ethec     It  is 

un(^anged  in  the  air ;  but,  under  the  influence 
of  platinum-black,  becomes  converted  into  al* 
dehyde,  and  eventually  into  acetic  add.  Nitric 
and  chromic  acids  produce  a  similar  effect. 
Strong  boiling  solution  of  potassa  has  no  action 
on  this  substance.  Acetal  contains  Ci^jfO^, 
or  the  elements  of  2  eq.  ether  and  1  eq.  al- 
dehyde, Ci,H„0^=2C^HaO-hC<H^O,.  (See 
also  further  on,  ethylene-aloohol,  glycol.^ 

When  a  coil  of  fine  platinum  wire  is  htttad 
to  redness,  and  plunged  into  a  mixture  of 
ether,  or  alcohol-vapour  and  atmospheric  air, 
it  determines  upon  its  surface  the  |Mu*tiai  com- 
hustion  of  the  former,  and  gives  rise  to  an  excessively  pungent  acrid 
vapour,  which  may  be  condensed  to  a  colourless  liquid  by  suitable 
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ineans.  The  heat  evolved  in  the  act  of  oxidation  is  snflficient  to 
maintain  the  wire  in  an  incandescent  state.  The  experiment  may 
he  made  by  patting  a  little  ether  into  an  ale-glass,  and  suspending  over 
it  the  heated  spiral  from  a  card ;  or  by  slipping  the  coil  over  the  wick 
of  a  spirit-lamp,  so  that  the  greater  part  may  be  raised  above  the 
cotton,  the  lamp  is  supplied  with  ether  or  spirit  of  wine,  lighted  for 
a  moment,  and  then  blown  out.  The  coil  continues  to  glow  in  the 
mixed  atmosphere  of  air  and  combustible  vapour,  until  the  ether  is 
exhausted.  This  is  the  lamp  unthont  flame  of  Sir  H.  Davy.  A  ball 
of  spongy  platinum  may  be  substituted  for  the  coil  of  wire.  The 
condensed  liquid  contains  acetic  and  formic  acids,  with  aldehyde. 

Acetic  acid. — Pure  alcohol,  exposed  to  tiie  air,  or  thrown  into  a 
Tessel  of  oxygen  gas,  fails  to  sui¥er  the  slightest  change  by  oxidation  : 
when  diluted  with  water,  it  remains  also  unaffected.  If,  on  the  other 
hand,  spirit  of  wine  be  dropped  upon  dry  platinnm-blaclc,  the  oxygetl 
condensed  into  the  pores  of  the  latter  reacts  so  powerfully  upon  the 
alcohol  as  to  cause  its  instant  inflammation.  When  the  spirit  is  mixed 
with  a  little  water,  and  slowly  dropped  upon  the  finely-divided  metal., 
oxidation  still  takes  place,  but  with  less  energy,  and  vapour  of  acetic 
acid  is  abundantly  evolved.  It  is  almost  unnecessary  to  add,  that  the 
platinum  itself  undergoes  no  change  in  this  experiment. 

Dilate  alcohol,  mixed  with  a  little  yeast,  or  almost  any  azotized 
organic  matter,  susceptible  of  putrefaction,  and  exposed  to  the  air, 
speedily  becomes  oxidized  to  acetic  acid.  Acetic  acid  is  thus  manu- 
iactnred  in  Germany,  by  suffering  such  a  mixture  to  flow  over  wood- 
shavings,  steeped  in  a  little  vinegar,  contained  in  a  lai^e  cylindrical 
vessel,  through  which  a  cument  of  air  is  made  to  pass.  The  greatly- 
extended  surface  of  the  liquid  expedites  the  change,  which  is  completed 
in  a  few  hours.     No  caibonic  acid  is  produced  in  this  reaction. 

The  best  vinegar  is  made  from  wine  by  spontaneous  acidification  in 
a  partially-filled  cask,  to  which  the  air  has  access.  Vinegar  is  first 
introduced  into  the  empty  vessel,  and  a  quantity  of  wine  added ;  after 
aome  days  a  second  portion  of  wine  is  poured  in,  and  after  similar  in- 
tervals a  third  and  a  fourth.  When  the  whole  has  become  vinegar,  a 
qoantity  is  drawn  off  equal  to  that  of  the  wine  employed,  and  the  pro- 
T^ess  is  i-ecommenced.  The  temperature  of  the  building  is  kept  up  tit> 
86°  (30°C).  Such  is  the  plan  adopted  at  Orieans.*  In  England 
vinegar  is  prepared  from  a  kind  of  beer  made  for  the  purpose.  The 
liquor  is  exposed  to  the  air  in  half-empty  casks,  loosely  stopped,  until 
acidiBcation  is  complete.  Frequently  a  little  sulphuric  acid  is  aflei*- 
waixls  added,  with  a  view  of  ch^ing  farther  deooniposition,  ofr 
mothering,  by  which  the  product  would  be  spoiled. 

There  is  another  souixs  of  acetic   acid  besides  the  oxidation  of 
alcohol  :t  when  dry,  hard  wood,  as  oak  and  beech,  is  subjected  to 

*  Dumas,  *Cbimie  appliqn^  aux  Arts,'  vi.  637. 

t  An  Interesting  process  of  iorming  acetic  acid  Is  mentioned  hereafter. 
(See  page  601.) 

2  I 
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chloride  of  the  radical  of  benzoic  acid.    If  this  bodj  be  heated  wifli 

anhydroas  acetate  of  soda,  a  lirelj  reaction  ensues,  and  anhydrous 

acetic  acid  distils  over,  while  a  mixture  of  chloride  of  aodium  and 
anhydrous  benzoic  add  remains  in  the  retort. 

KaOAHsOs   +  Ci4H^0gCl   =   NaCl      +       CiiHftOg  +      C4HaQs 

Acetate  of  Chloride  of       Chloride  Anhydrous  Anhydnnis 

soda.  benzoyl.        of  sodium.        benzoic  add.         acetic 


Anhydrous  acetic  acid  is  a  heavy  oil  which  combines  only  slowlj 
with  water,  giving  rise  to  the  formation  of  ordinary  hydrated  acetic  add. 

Acetate  of  potassa,  KOyC^U fi^ — This  salt  crystallizes  with 
great  difficulty :  it  is  generally  met  with  as  a  foliated,  white,  crystal- 
line mass,  obtained  by  neutralizing  carbonate  of  potassa  by  acetic  add, 
evaporating  to  dryness,  and  heating  the  salt  to  fusion.  The  acetate  is 
extremely  deliquescent,  and  soluble  in  water  and  alcohol :  the  solution 
is  usually  alkaline  fiom  a  little  lo&s  of  acid  by  the  heat  to  which  it  has 
been  subjected.  From  the  alcoholic  solution,  carbonate  of  potaasa  ia 
thrown  down  by  a  stream  of  carbonic  acid. 

Acetate  of  soda,  NaOjC^HjOj+SHO. — ^The  mode  of  prepara- 
tion of  this  salt  on  the  large  scale  has  been  ali'eady  described :  it  forms 
large,  transparent,  colourless  crystals,  derived  from  a  rhombic  prism, 
which  are  easily  rendered  anhydrous  by  heat,  effloresce  in  dry  air,  and 
dissolve  in  3  parts  of  cold,  and  in  an  equal  weight  of  hot  water:  it 
is  also  soluble  in  alcohol.  The  taste  of  this  substance  is  cooling  and 
saline.  The  dry  salt  undergoes  the  igneous  fusion  at  550^  (287°*8C), 
and  begins  to  decompose  at  600°  (315°-5C). 

Acetate  of  ammonia  ;  spirit  of  Minderercs  :  NH^O.C^HjO^ 
— ^The  neutral  solutiou  obtained  by  saturating  strong  acetic  acid  by 
carbonate  of  ammonia  cannot  be  evaporated  without  becoming  acid 
from  loss  of  base :  the  salt  passes  off  in  lai^  quantity  with  the  vapour 
of  water.  Solid  acetate  or  ammonia  is  hist  prepared  by  distilling  a 
mixture  of  equal  parts  of  acetate  of  lime  and  powdered  sal-ammoniac ; 
chloride  of  caldum  remains  in  the  retort.  A  saturated  solution  of  the 
solid  salt  in  hot  water,  suffered  slowly  to  cool  in  a  dose  vessel,  de- 
posits long  slender  crystals,  which  deliquesce  in  the  air. 

Acetonitrile. — Acetate  of  ammonia  when  distilled  with  anhy- 
drous phosphoric  acid,  loses  4  eq.  of  water,  being  converted  into  a 
nolourlesis  liquid,  difficultly  soluble  in  water,  of  an  aromatic  odour,  and 
boiling  at  170°-6  (77*'C),  which  has  received  the  name  of  acetonOHle. 
When  boiled  with  acids  or  alkalis  it  renssimilates  the  4-  eq.  of  water, 
being  converted  again  into  acetic  acid  and  ammonia.  This  substani*  is 
the  type  of  a  class ;  a  great  many  ammonia-salts  of  adds,  analogous  to 
acetic  acid,  undergoing  a  similar  change  when  treated  with  anhydrous 
phosphoric  acid.  It  is  likewise  obtained  by  a  perfectly  different  pro- 
cess, which  will  be  described  when  treating  of  the  methyl  compounds. 
(See  cyanide  of  methyl,  page  501,  and  also  acetic  ether,  page  487.) 
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The  acetates  of  lime,  barytay  and  stroniia  are  very  soluble  and  can 
be  procured  in  crystals  ;  acetate  of  magnesia  crystallizes  with  diffi- 
culty. 

Acetate  op  alumina. — This  salt  is  very  soluble  in  water,  and 
dries  up  in  the  vacuum  of  the  air-pump  to  a  gummy  mass  without 
traioe  of  crystallization.  If  foreign  salts  be  present,  the  solution  of 
the  acetate  becomes  turbid  on  heating,  from  the  separation  of  a  basic 
compound,  which  redissolves  as  the  liquid  cools.  Acetate  of  alumina 
is  much  employed  in  calico  printing :  it  is  prepared,  in  combination 
with  the  aUoiline  base  of  the  alum,  by  mixing  solutions  of  acetate  of 
lead  and  alum,  and  filtering  from  the  insoluble  sulphate  of  lead.  The 
liquid  is  thickened  with  gum  or  other  suitable  material,  and  with  it 
the  design  is  impressed  upon  the  cloth  by  a  wood-bloclE,  or  by  other 
means.  Exposure  to  a  moderate  degree  of  heat  drives  otl'  the  acetic 
acid,  and  leaves  the  alumina  in  a  state  capable  of  entering  into  combi- 
nation with  the  dye-stuff. 

Some  very  interesting  researches  on  atxtate  of  alumina  have  been 
published  by  Mr.  W.  Crum.* 

The  solution  obtained  by  decomposing  sulphate  of  alumina  Al^O,, 
380,  by  acetate  of  lead  may  be  supposed  to  contain  the  neutral  acetate 
of  alumina  Al^O^SC^H^O,.  This  salt  cannot,  however,  be  obtained  in 
the  dry  state,  if  the  solution  be  rapidly  evaporated  at  low  tempera- 
tures, by  being  spread  in  thin  layere  on  glass  or  porcelain,  a  basic  soluble 
acetate  is  obtained,  having  the  composition  Al,02,2C4Hg03+4HO ;  but 
if  the  solution  be  left  to  stand,  or  submitted  tu  the  action  of  heat,  m- 
soluble  basic  salts  are  precipitated,  differing  in  composition  from  the 
former  only  by  containing  instead  of  4  eq.  of  water  either  2  or  5  eq. 

The  soluble  acetate  of  alumina,  when  exposed  in  a  dilute  solution  to 
the  temperature  of  boiling  water  for  several  days,  undergoes  a  very 
remarkable  change.  The  whole,  or  nearly  the  whole,  of  the  acetic  acid 
is  expelled  by  the  action  of  heat,  and  a  peculiar  allotropic  modification 
of  alumina  remains  in  solution.  At  the  temperature  of  boiling  water 
this  alumina  retains  2  eq.  of  water :  t^  entirely  redissokes  in  water. 
The  soluble  modification  of  alumina  is  instantaneously  coagulated,  that 
isy  reconverted  into  the  insoluble  modification^  by  mineral  and  vegetable 
adds,  by  the  alkalis,  and  by  a  great  number  of  salts. 

Acetate  of  manganese  forms  colourless,  rhombic,  prismatic  crystals, 
permanent  in  the  air.  Acetate  <f  protoxide  of  iron  crystallizes  in 
small,  greenish-white  needles,  very  prone  to  oxidation  ;  both  salts  dis- 
solve freely  in  water.  Acetate  of  sesqtuoxide  of  iron  is  a  dark- 
brownish  red,  uncrystallizable  liquid,  of  powerful  astiingent  taste. 
Acetate  of  cobalt  forms  a  violet-ooloured,  crystalline,  deliquescent 
mass.  The  nickel-^t  separates  in  green  crystals,  which  dissolve  in 
6  parts  of  water. 

Acetate  of  lead,  PbOjC^HgOj-hSHO. — ^This  important  salt  is 
prepared  on  a  lai^e  scale  by  dibsolving  litharge  in  acetic  acid :  it  may 

*  'Chem.  See.  Quar.  Jour.'  vL  2X9. 
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be  obtained  in  colonrless,  tracspnrent,  prismatic  crystals,  bat  is  gnle* 
rally  met  with  in  commerce  as  a  confusedly  crystalline  mass,  somewhat 
resembling  loaf-sugar.  From  this  circumstance,  and  from  its  sweet 
taste,  it  is  oflen  called  sugar  of  lead.  The  crystals  are  soluble  in  aboat 
1(  parts  of  cold  water,  effloresce  in  dry  air,  and  melt  when  gently 
heated  in  their  water  of  crystallization :  the  latter  is  easily  drivoi  o^ 
and  the  anhydrous  salt  obtained,  which  suffers  the  igneous  fusion,  and 
afterwards  decomposes,  at  a  high  temperature.  Acetate  of  lead  is 
soluble  in  alcohol.  The  watery  solution  has  an  intensely-sweet,  and  at 
the  same  time  astringent  taste,  and  is  not  precipitated  by  ammnniii. 
It  is  an  article  of  great  vAlue  to  the  chemist. 

Basic  actetates  (8U»-acbtates)  of  lead. — Sesqai-iasic  acetate 
is  produced  when  the  neutral  anhydrous  salt  is  so  &r  decomposed  hj 
heat  as  to  become  converted  into  a  porous  white  mass,  decomposable 
only  at  a  much  higher  temperature.  It  is  soluble  in  water,  and  sepa- 
rates from  the  solution  eyaporated  to  a  sjrrupy  consistence  in  the  form 
of  crystalline  scales.  It  contains  3PbO,2C4H,0,.  A  sab-aoetate 
with  3  eq.  of  base  is  obtained  by  digesting  at  a  moderate  heat  7  parts 
of  finely-powdered  litharge,  6  parts  of  acetate  of  lead,  and  30  parts  of 
water.  Or,  by  mixing  a  cold  saturated  solution  of  neutral  acetate 
with  a  Hflh  of  its  volume  of  caustic  ammonia,  and  leaving  the  whole 
some  time  in  a  covered  vessel ;  the  salt  separates  in  minute  needles, 
which  contain  3PbO,C4H,0,+HO.  The  solution  of  sub-acetate  pre* 
pared  by  the  first  metiiod  is  known  in  pharmacy  under  the  name  of 
Goulard  water*  A  third  sub-acetate  exists,  formed  by  adding  a  great 
excess  of  ammonia  to  a  solution  of  acetate  of  lead,  or  by  digesting 
acetate  of  lead  with  a  large  quantity  of  oxide.  It  is  a  white,  slightly- 
crystalline  substance,  insolnble  in  cold,  and  but  little  soluble  in  boiling 
water.  It  contains  ePbOfC^UgO,.  The  solutions  of  the  sub-aoetates 
of  lead  have  a  strong  alkaline  reaction,  and  absorb  carbonic  acid  with 
the  greatest  avidity,  becoming  turbid  firom  the  precipitation  of  besic 
carbonate. 

.  Acetate  of  copper. — ^The  neutral  acetate,  CnO,C4H,0,-|-HO,  is 
prepared  by  dissolving  verdigris  in  hot  acetic  acid,  and  leaving  the 
filtered  solution  to  cool.  It  forms  beautiful  dark-green  crystals,  which 
dissolve  in  14  parts  of  cold  and  5  paiis  of  boiling  water,  and  are  also 
soluble  in  alcohol.  A  solution  of  this  salt,  mixed  with  sugar  and 
heated,  yields  suboxide  of  copper  in  the  form  of  minute  red  octahedral 
crystals :  the  residual  copper  solution  is  not  precipitated  by  an  alkali. 
Acetate  of  copper  fumi^es,  by  destructive  distillation,  strong  acetic 
acid,  containing  acetone  and  contaminated  with  copper.  The  salt  is 
sometimes  call«i  distiiled  verdigris,  and  is  used  as  a  pigment. 

Basic  acetates  (sub^acetates)  of  copper. — Common  verdigris, 
made  by  spreading  the  marc  of  grapes  upon  plates  of  copper  exposed 
to  the  air  during  several  weeks,  or  by  substituting,  with  the  same  view, 
pieces  of  cloth  dipped  in  crude  acetic  acid,  is  a  mixture  of  seveni 
basic  acetates  of  copper  which  have  a  green  or  blue  colour.  One  (J 
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these,  3CuO,2C4H,0,+6HO,  is  obtained  by  digesting  tbe  powdered 
rerdigrU  in  warm  water,  and  leaving  tiie  soluble  part  to  epontaneous 
eraporation.  It  forms  a  blae,  crystalline  mass,  but  little  soluble  in  cold 
water.  When  boiled,  it  deposits  a  brown  powder,  which  is  a  subsalt 
with  large  excess  of  base.  The  green  insoluble  residue  of  the  verdigris 
oontaios  3CuO,C4H,0,+ 3H0 :  it  may  be  formed  by  digesting  neuti-al 
acetate  of  copper  with  the  bydrated  oxide.  By  ebullition  with  water 
it  is  resolved  into  neutral  acetate  and  the  brown  subsalt. 

Acetate  of  silver,  AgOjC^H^O,,  is  obtained  by  mixing  acetate 
of  potassa  with  nitrate  of  silver,  and  washing  the  precipitate  with  cold 
water  to  remove  the  nitrate  of  potassa.  It  crystallizes  from  a  warm 
solution  in  small  colourless  needles,  which  have  but  httle  solubility  in 
the  cold. 

Acetate  of  suboxide  of  mercury  forms  small  scaly  crystals,  which 
are  as  feebly  soluble  as  those  of  acetate  of  silver.  The  salt  of  the  red 
oxide  of  mercury  diKsolves  with  facility. 

Acetate  of  oxide  of  ethyl  ;  acetic  ether;  AeO,C4H,0,. — 
Acetic  ether  is  conveniently  made  by  heating  together  in  a  retort  3 
parts  of  acetate  of  potassa,  3  parts  of  strong  alcohol,  and  2  of  oil  of 
▼itriol.  The  distilled  product  is  mixed  with  water,  to  separate  the 
alcohol,  digested  first  with  a  little  chalk,  and  afterwards  with  fused 
chloride  of  calcium,  and,  lastly,  rectified.  The  pure  ether  is  an  ex- 
ceedingly fragrant  limpid  liquid:  it  has  a  density  of  0*890,  and 
boils  at  165^  (73^*8C).  Alkalis  decompoce  it  in  the  usual  manner. 
When  treated  with  ammonia,  it  yields  cuxtmnide,  a  crystalline  sub* 
stance  soluble  in  water  and  alcohol,  which  contains  C4H2NO{  =  C4H, 
Os^NHg,  t.  e»,  acetate  of  ammonia — 2  equivalents  of  water.  Its  forma- 
tion is  analogous  to  that  of  oxamide.  Alkalis  and  acids  reconvert 
it  into  ammonia  and  acetic  acid.  When  treated  with  nitrous  acid,  it 
yields  acetic  acid,  water,  and  nitrogen  gas,  04(15^0^+ ^Oj^C^H^O,, 
HO+H0+2N. 

•  Monochloracetic  acid  ;  C4HjC10„H0,  accordmg  to  R.  Hoffmann, 
is  produced  by  the  action  of  chioriue  on  boiling  glacial  acetic  acid  in 
sunlight.  Dr.  H.  Miiller  finds  that  the  formation  of  monochlonicetic 
acid  is  facilitated  by  dissolving  a  little  iodine  in  the  bydrated  acetic 
acid,  and  passing  a  stream  of  chlorine  through  the  boiling  solution.  On 
submitting  the  product  of  this  reaction  to  repeated  distillation,  a  sub- 
stance is  obtained  boiling  at  367°  (186°C)  and  solidifying  to  a  crys- 
talline mass,  which  fuses  at  147^  (64^C)  and  dissolves  with  facility  in 
water.  This  acid,  when  heated  with  potassa,  is  converted  into  gly- 
colate  of  potassa 

C4H^C10330  +  2K0  =  C4H,0^,K0  +  KCL 

Trichloracetic  acid. — Wlien  a  small  quantity  of  crystallizable 
acetic  acid  is  introduced  into  a  bottle  of  dry  chlorine  gns,  and  the  whole 
exposed-  to  the  direct  solar  rays  for  several  hours,  the  interior  of  the 
vessel  is  found  coated  with  a  white  crystalline  substance,  which  is  a 
mixture  of  the  new  product,  trichloracetic  acid,  with  a  small  quantity- 
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of  oxalic  acid.  The  liquid  at  the  bottom  oontaiDS  the  same  sal 
together  with  the  unaltered  acetic  acid.  Hydrochloric  and  carbonic 
acid  gases  are  at  the  same  time  produced,  together  with  a  suffocating 
vapour,  resembling  chioro-carbonic  acid.  The  crystalline  matter  is 
dissolved  out  with  a  small  quantity  of  water,  added  to  the  liquid  ooo- 
tained  in  the  bcttle,  and  the  whole  placed  in  the  vacuum  of  the  uf> 
pump,  with  capsules  containing  fragments  of  caustic  potassa,  and  con- 
centrated sulphuric  acid.  The  oxalic  acid  is  first  deposited,  and  after- 
wards the  new  substance  in  beautiful  rhombic  crystals.  If  the  liquid 
refuse  to  crystallize,  it  may  be  distilled  with  a  little  anhydrous  fAif»- 
phoric  acid,  and  then  evaporated.  The  crystals  are  spread  upcm  bibu- 
lous paper  to  drain,  and  dried  in  vacuo. 

Trichloracetic  acid  is  a  colourless  and  exti-emely  deliquescent  sab- 
stance  :  it  has  a  faint  odour,  and  a  sharp,  caustic  taste,  bleaching  the 
tongue  and  destroying  the  skin :  the  solution  is  powerfully  add.  At 
115°  (46°C)  it  melts  to  a  clear  liquid,  and  at  390°  (198°-8C)  boils 
and  distils  unchanged.  The  density  of  the  fused  acid  ia  1*617;  that 
of  the  vapour,  which  is  very  irritating,  is  probably  .5  *  6.  The  substance 
contains,  according  to  the  analysis  of  M.  Dumas,  C^ClsOsfHO,  or  the 
elements  of  hydmted  acetic  acid  from  which  3  eq.  of  hydn^n  have 
been  withdrawn,  and  replaced  by  3  eq.  of  chlorine. 

Trichloracetic  acid  foi-ms  a  variety  of  salts,  which  bare  been  examined 
and  described :  it  combines  also  wit^  ether,  and  with  the  ether  of  wood- 
sj>irit.  These  compounds  correspond  to  the  ethers  of  the  other  organic 
acids.  Trichloracetate  of  potassa  crystallizes  in  fibrous,  silky  needlet, 
which  are  permanent  in  the  air,  and  contain  KOyC^CijO^+UO.  The 
ammoniaoal  salt  is  also  ciystallizable  and  neutral ;  it  contains  NH^O, 
C4ClaO,+5HO.  Trichloracetate  of  siher  is  a  soluble  compound  crya- 
tallizing  in  small  grayish  scales,  which  are  easily  altered  by  lig^t :  it 
gives,  on  analysis,  AgQtC^C\fig^  and  is  consequently  anhydrous. 

When  trichloracetic  acid  is  boiled  with  an  excess  of  ammonia,  it  is 
4eoompo6ed,  with  production  of  chloroform  and  carbonate  of  ammonia. 

C^HClgO^ =CgHCI,-f2C0j. 

With  caustic  potassa,  it  yields  a  smaller  quantity  of  chlorofonn, 
chloride  of  potassium,  carbonate  and  formate  of  potassa.  The  diloride 
and  the  formate  are*  secondary  products  of  the  reaction  of  the  alkali 
upon  the  chloroform. 

Acetic  acid  may  be  reproduced  from  this  curioas  substitution-oom- 
pbund.  When  an  amalgam  of  potassium  is  put  into  a  strong  aqueous 
solution  of  trichloracetic  acid,  chemical  action  msues,  the  tempeFBtun 
of  the  liquid  rises,  without  disengagement  of  gas,  and  the  solution  is 
found  to  contain  acetate  of  potassa,  chloride  of  potassium,  and  some 
caustic  potassa. 

MONOBROMACETIC  ACID ;  C4HgBrO„HO,  obtained  by  Messrs.  Peilda 
and  Duppa,  resembles  in  every  respect  the  monochloracetic  add.  It  is 
formed  by  acting  with  bromine  on  glacial  acetic  add  in  sealed  tubes  at 
a  temperature  above  that  of  boiling  water. 
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•    Thifl  add,  when  treated  with  ammonia,  is  converted  into  glycodn 
(glyoocoU),  CfHjNO^  and  bromide  of  ammonium. 

QHjBrO^  +  2NH,  :=  NH^Br  +  C.H^NO^. 

DiBROMACETic  ACID,  C^HBrgO,30,  has  been  lately  obtained  by 
the  farther  action  of  bromine  upon  bromacetic  acid.  It  is  a  liquid 
boiling  at  464°  (240°C),  which,  when  heated  with  oxide  of  silver  and 
water,  is  decomposed  into  bromide  of  silver  and  another  acid  of  tlie  for- 
mula C^H^O^ 

loDACETic  AOiD,  C^HjIOg,!!©,  and  duodacetio  acid,  C^HI^O^ 
BO,  have  been  likewise  obtained. 

Thiacetic  acid. — A  compound  has  been  discovered  by  Kekule, 
which  may  be  viewed  as  acetic  add,  in  which  2  equivalents  of  oxygen 
are  replaced  by  2  equivalents  of  sulphur. 

C4Hs02,0,H0.    Acetic  acid,  or  hydrated  oxide  of  otiiyl. 

CfHjOjySiHS.    Thiacetic  acid,  or  hydrosulphuretted   sulphide  of 

othyl. 

It  is  formed  by  the  action  of  pentasulphide  of  phosphorus  upon  pure 
hydrate  of  acetic  acid. 

5(C^Il,0a,H0)  +  2PS,  =   5(C4H,0^,HS)  +  2P0y 


<r ^ :r* 


Acetic  acid.  Thiacetic  acid. 

Thiacetic  add  is  a  colourless  liquid,  boiling  at  199°*  4  (93°C),  com- 
bining the  odour  of  acetic  with  that  of  hydrosulphuric  acid.  It  forms, 
with  solution  of  acetate  of  lead,  a  ciystailine  predpitate  containing 
PbS,  C^H.O^. 

SuLPHACETic  ACID. — Pure  acetic  add  is  mixed  with  J  of  its  wdght 
of  anhydrous  sulphuric  acid,  and  the  mixture  digested  for  seveial  days 
at  a  temperature  of  from  140°  to  167°  (60— 75^C;.  The  solution  of 
the  mass  in  water,  when  saturated  with  carbonate  of  bai7ta  or  lead, 
deposits  a  crystalline  bai'yta  salt,  or  lead  salt,  containing  respectively 
2BaO,C^U^fi^  +  3Aq.  and  2FhOyC fi^fi^.  From  these  salts  the 
acid  may  be  separated  by  means  of  sulphuric  or  hydrosulphuric  acid. 
Sulphacetic  add  is  also  obtained  by  the  action  of  Nordhausen  add  upon 
acetamide  (see  p.  4b7)  or  acetonitrile  (see  p.  484). 

DisULPHOMETHOLic  ACID. — This  name  has  been  given  to  an  add 
which  is  produced  by  the  protracted  action  of  Nordliausen  add  upon 
sulphacetic  add,  or  upon  acetic  acid,  acetamide,  or  acetonitrile,  when 
carbonic  add  is  evolved.  The  product,  diluted  with  water,  and  satu- 
rated with  carbonate  of  baryta,  furnishes  a  beautifuUy-ciystallized  and 
rather  difficultly-soluble  baryta  compound,  oontainiog  2BaO,C2U^40|Q, 
from  which  the  add  may  be  separated  by  means  of  sulphuric  add. 
Both  sulphacetic  add  and  disulphometholic  acid  tLre  bibasic  adds.  The 
latter  is  identical  with  metMonic  acid  (bee  p.  471). 
.  Acetone:  pyroacetic  spirit. — When  metallic  acetates  in  an  an- 
hydrous state  are  subjected  to  destructive  distillation,  they  yield,  among 
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other  prodacts,  a  peculiar  inflammable  volatile  liquid,  de^ignat^  b^ 
the  aU)ve  names.  It  is  most  easily  pi«pai^  by  distilling  carefolly 
dried  acetate  of  lead  in  a  large  earthen  or  coated  glass  retort,  by  a  heat 
gradually  raised  to  redness ;  the  retort  must  be  connected  with  a  coci« 
denser  well  supplied  with  cold  water.  Much  gas  is  evolved,  chiefij 
carbom'c  add,  and  the  volatile  product,  but  slightly  contaminated  with 
tar,  collects  in  the  receiver.  The  retort  is  found  dler  the  operatioo  to 
contain  minutely-divided  metallic  lead,  which  is  sometimes  pyrophoric^ 
The  crude  acetone  is  saturated  with  carbonate  of  potassa,  and  after^ 
wards  rectified  in  a  water-bath  from  chloride  of  calaum.  This  com- 
pound may  also  be  prepared  by  passing  the  vapour  of  strong  acetic 
add  through  an  iron  tube  heated  to  dull  redness :  Uie  acid  »  resolved 
into  acetone,  carbonic  add,  carbonic  oxide,  and  carbonetted  hydrogeo. 

Pure  acetone  is  a  colourless  limpid  liquid,  of  peculiar  odour:  it  baa 
a  density  of  0*792,  and  boils  at  132°  (55°-5C) :  the  density  of  its 
vapoiu'is  2022.  Acetone  is  very  inflammable,  and  burns  with  a  bright 
flame :  it  is  miacible  in  all  proportions  with  water,  alcohol,  and  ether. 
The  simplest  foimula  of  this  substance,  which  is  produced  by  the  reso- 
lution of  acetic  acid  into  acetone  and  carbonic  acid,  is  C,HgO;  but  there 
are  many  reasons  for  doubting  this  formula.  Acetone  may  be  regarded 
as  a  compound  of  the  radicals  methyl  CjH,  (see  page  498)  and  othyl ; 
this  view  is  supported  by  its  artifidal  produrtion,  when  diloride  of 
othyl  is  acted   upon  by  zinc  methyl,  C4H,0201+ZnC2H,  =  ZnCl4- 

When  acetone  is  distilled  with  half  its  volume  of  Kordhausen  snl- 
phuric  acid,  an  oily  liquid  is  obtained,  which  in  a  state  of  purity  has  a 
feeble  garlic  odour.  It  is  lighter  than  water,  and  very  inflammable. 
It  contains  CjgHjj,  and  is  produced  by  the  abstraction  of  the  elementa 
of  water  from  acetone.  It  has  received  the  name  mesitiMe,  If  penta- 
chloride  of  phosphorus  be  dropped  into  carefully-cooled  acetone,  and  the 
whole  mixed  with  water,  a  heavy  oily  liquid  separates,  which  is  stated 
to  contain  0^11^01.  When  this  is  dissolved  in  alcohol,  and  mixed  with 
caustic  potassa,  a  second  oily  product  results.  This  is  lighter  than 
water,  has  an  aromatic  odour,  and  contains  O^H^O. 
.  Sir  Robert  Kane  has  described  a  number  of  other  oompounds  formed 
by  the  action  of  adds,  and  other  chemical  agents,  on  acetone,  from 
which  he  has  inferred  the  existence  of  an  oiganic  salt-basyle,  containing 
CgHg,  and  to  which  the  name  of  mesityl  has  been  givoi.  Zeise,  on  the 
other  hand,  has  shown  that  by  the  action  of  chloride  of  platinum  upon 
acetone,  a  yellow  cry&tallizable  compound  can  be  obtained,  having  a 
composition  expressed  by  the  formula  CfHjO-|-PtQlf 

Acetic  acid  is  not  the  only  source  of  acetone :  it  is  produced  in  the 
destructive  distillation  of  citric  acid,  and  may  be  procured  from  sugar, 
starch,  and  gum,  by  distillation  with  8  times  their  weight  of  powdu^ 
quicklime.  The  acetone  is,  in  thU  case,  accompanied  by  an  oily,  volatile 
liquid,  separable  by  water,  in  which  it  is  insoluble.  This  substance  is 
called  metacetone  or  propione:  it  contains  C^H^O :  its  boiling-point  is 
^12P  (lOO'^q).. 
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When  acetate  of  potassa  is  heated  with  a  great  ezoesB  of  caastic 
alkali,  it  is  converted,  as  has  been  already  reroarlced,*  into  carbonic  acid 
and  light  carbonetted  hydrogen,  by  the  reaction  of  the  oxygen  of  the 
water  of  the  hydrate  upon  the  carbon  of  the  acid. 

ACBTTLENE,  C^Hj. — This  interesting  body,  originally  observed  by 
Davy,  was  first  obtained  in  a  state  of  purity  by  Berthelot:  it  is  formed 
on  passing  olefiaut  gas,  the  vapour  of  ether,  alcohol,  or  wood-spirit 
through  a  red-hot  tube,  or  by  passing  chloroform  vapour  over  copper 
heated  to  redness.  It  is  obtained  most  abundantly  by  the  decomposition 
of  ether  at  a  red  heat ;  it  is  also  invariably  present  in  the  ordinary  coal- 
gas.  It  is  formed,  moreover,  by  tlie  action  of  sodium-alcohol  upon 
mono-brominated  ethylene,  C^H^Br  +  C^H^NaOj  =  C^H,  +  NaBr  -H 
C4HeO,.  Acetylene  has  lately  been  produced  by  the  direct  combination 
of  hydrogen  and  carbon.  The  combination  talces  place  when  the  electric 
current  is  allowed  to  pass  between  the  carbon-points  of  a  galvanic 
haitery  in  an  atmosphere  of  hydrogen. 

Acetylene  is  a  colourless  gas  possessing  a  disagreeable  odour,  and  burn- 
ing wiUi  a  luminous  but  sinoky  flame :  it  is  easily  soluble  in  water. 
Up  to  the  present  time  it  has  not  been  liquefied  either  by  pressure  or 
by  cold.  When  mixed  with  chlorine  gas  in  diffused  light  it  explodes 
with  great  violence,  with  separation  of  carbon ;  with  bromine  it  unites, 
forming  a  compound  O^H^Br,.  Concentrated  sulphuric  acid  absorbs 
acetylene,  a  combination  corresponding  to  sulphovinic  acid  being  pro- 
duced ;  when  diluted  with  water  and  distilled  this  compound  yields  a 
volatile  liquid  which  smells  of  acetone,  and  is  probably  the  alcohol 
C4H4O2  corresponding  to  acetylene.  Acetylene  forms  compounds  with 
chloride  of  copper,  nitrate  of  silver,  and  mercury,  which  explode  when 
heated  and  by  percussion  ;  on  account  of  their  instability  the  composi- 
tion of  these  bodies  has  not  yet  been  determined.  The  copper  com- 
pound is  sometimes  formed  in  the  copper  tubes  used  for  conducting 
coal-gas ;  it  is  obtained  in  the  form  of  a  red  precipitate  on  passing 
acetylene  through  an  ammoniacal  solution  of  chloride  of  copper ;  thi& 
precipitate,  when  treated  with  hydrochloric  acid,  yields  pure  acetylene. 
Acetylene,  When  coming  in  contact  with  nascent  hydrogen,  is  transformed 
into  ethyloie.  The  compound  of  acetylene  with  chloride  of  copper, 
when  treated  with  zinc  and  ammonia,  evolves  ethylene  mixed  with 
small  quantities  of  acetylene  and  free  hydrogen. 

Ethylene-aloohol,  glyool.— Recent  researches,  chiefly  by 
Wurtx,  have  pointed  out  the  existence  of  an  alcohol-like  body,  C^H^O^, 
differing  from  ordinary  alcohol  only  by,  containing  two  additional 
equivalents  of  oxygen. 

Among  the  derivatives  of  defiant  gas  compounds  of  this  gas  with 
chlorine,  bromine,  and  iodine  have  been  mentioned,  containing  C^H^Cl^ 
C4H4Br2,  and  C4H4I,,  which  by  their  chemical  deportment  are  closely 
allied  to  chloride,  bromide,  and  iodide  of  ethyl.     The  latter  bodies,  a^ 

•  See  page  189. 
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has  been  stated  before,  are  capable  of  exchanging  chlorine,  bromine,  and 
iodine  for  oxygen,  and  of  simultaneously  assimilating  the  elements  of 
water,  being  thereby  converted  into  ethylic  alcohol.  The  chloride, 
bromide,  and  iodide  of  olefiant  gas,  under  favourable  circumstances, 
exhibit  a  similar  deportment,  an  alcoholic  body  being  formed,  to  whi<^ 
the  name  ethylene-akohol^  or  glycol,  has  been  given.  The  analogy 
of  these  two  reactions  will  be  shown  by  a  glance  at  the  following 
equations. 

C4H5I     +     2H0     =     C^HjO,^     +     HI. 

Iodide  '  Ethylic ' 

of  ethyl.  alcohol. 

C^HJg    +     4H0     =  C^H^0,2H0    +    2HI. 


.^^ 


Iodide  of  Ethylene-aloohol, 

ethylene.  glyooL 

On  distilling  iodide  of  ethylene  with  acetate  of  silver,  an  oily  mixture 
is  obtained,  from  which  the  acetate  of  ethylene  may  be  separated  by 
fractional  distillation  (see  page  495).  Treated  with  caustic  potassa, 
the  acetate  furnishes  the  corresponding  alcohol. 

Cfi^  +  2(AgO,C,H,0^  =  2AgI  +  C,H,0^2C,H,03 

Iodide  of  Acetate  of  ethylene, 

ethylene. 

C^H,Og,2C^H80a  +  2(K0,H0)  =  2{J^0fififiii  +  C^H^Og.2HO 


Acetate  of  Ethylene- 

ethylene.  alcoboL 

Ethylene-aloohol  is  a  colourless  liquid,  of  a  sweetish  taste,  soluble  in 
water,  alcohol,  and  ether,  boiling  at  383°  (195^0).  When  submitted 
to  the  action  of  dilute  nitric  acid,  it  is  converted  into  oxalic  add,  which 
stands  to  the  new  alcohol  in  the  same  relation  as  acetic  acid  to  ethylic 
alcohol. 

C^HjO,    HO  +  40  =   C^HgO^HO  +  2H0, 
C^H,0j,2H0  +  80  =  C^Ofl    2H0  +  4H0. 

Or  bromide  of  ethylene  is  heated  with  acetate  of  potassa  and  alcohol^ 
when  bromide  of  potassium  and  acetate  of  ethylene  are  formed ;  the 
latter,  when  distilled  with  potassa,  is  converted  into  ethylcne^cohol. 

It  has  been  pointed  out  that  in  the  oxidation  of  ethylic  alcohol  the 
formation  of  acetic  acid  is  invariably  preceded  by  that  of  aldehyde, 
C4H4O2.  In  a  similar  manner  oxalic  acid  is  not  the  direct  prodacfc  of 
oxidation  of  ethylene-alcohol.  When  treated  with  very  dilute  nitric 
add  this  alcohol  furnishes  glyoolic  acid,  Cfljd^,2W},  which  wat 
originally  obtained  from  glycocol  (see  further  on).  It  is  highly  pro- 
bable that  by  modifying  the  process  of  oxidation,  other  intermediate 
substances  will  be  obtained..    By  treating  ethylic  alcohol  with  nitrio 
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acid,  M.  Debus  has  obtained  two  compounds — an  aldehyde-like  bodj, 
tflyoxcU,  C4H2O4,  aiid  an  acid,  glyoxaiic  add,  C^H^Oe,  which  obyiously 
belong  to  the  same  series. 

Ethylene-alcohol  (glycol)      ,         .         .     C^tf^O^ 
Ethylene-aldehyde  (isomeric  with  acetic  In  ii  /)   /     1.         \ 

Glycol  ic  acid C^H^Oj 

C^H^Og  (unknown) 
Glyoxalic  aldehyde  (glyoxal)      .         ,         C4Hg04 

Glyoxalic  acid C^HgO, 

Oxalic  acid C4H^08 

In  describing  the  constitution  of  ethylic  alcohol,  and  of  acetic  add, 
we  have  represented  the&e  bodies  as  hydrated  oxide  of  ethyl  and  as 
hydrated  oxide  of  othyl.  lu  the  conception  of  this  view  alcohol  and 
acetic  acid  may  be  derived  from  2  molecules  of  water,  by  the  substitu- 
tion respectively  of  ethyl  and  othyl  for  1  equivalent  of  hydrogen. 

Water        .        .        .    ]^        J  Og 
Alcohol        .        .      ^*2»       }0^ 

Acetic  acid         .         .   *„■  *   [  ^t 

In  a  similar  manner  ethylene-alcohol  and  oxalic  acid  may  be  derived 
from  4  molecules  of  water,  in  which  2  equivalents  of  hydrogen  are 
replnced  respectively  by  1  molecule  of  C4H4  (ethylene")  and  C4O4  (oxalyl). 
To  these  molecules,  accordingly,  we  attribute  a  biatomic  character,  that 
is,  the  power  of  replacing  2  equivalents  of  hydrogen,  which  may  be 
conveniently  indicated  by  two  diashes  on  the  right  of  the  symbol. 

Water       .         .        •     H*       }  ^* 
Ethylene  alcohol    .    CC4H4)"    \  q^ 

Oxalic  acid        .        ^^'h'^"    }  ^< 

Alcohols  contaioing  biatotaic  molecules  are  designated  as  biatomic 
alcohols;  thus  ethylene-alcohol  is  a  biatomic  alcohol,  whilst  ethyl- 
aloohol  is  a  monatoraic  alcohol. 

The  substance  mentioned  under  the  name  of  acetai  among  the  pro- 
ducts of  oxidation  of  alcohol  is  the  ethylic  ether  of  ethylene-aloohol. 

Oxide  of  EXHrLENE. — Quite  recently  a  compound  has  been  dia- 
covered  which  seems  to  stand  to  ethylene-alcohol  in  a  relation  some- 
what similar  to  that  of  ordinary  ethei*  to  ethyl-alcohol.     Ethylene- 
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alcohol,  satarated  with  hydrochloric  acid,  when  heated  splits  into 
water,  and  a  coloarless  neutral  liquid,  soluble  in  water,  and  boiling  at 
262^-4  (128°C),  which  contains  C^HgCiO^  This  substanoe  is  inter- 
mediate between  Dutch-liquid,  the  hydrochloric  ether  of  ethjlene- 
alcohol,  and  ethjleue-aloohol  itself,  as  may  be  seen  by  comparing  their 
formulse. 

Dutch-liquid  .        .        .    CAd^sCA  \  ^ 

1  CI 
Intermediate  compound      C4H5C104=C4H4  \  uq 

Ethylene-alcohol       .       ,     C4H«04  =  C4H4  |  ^O* 

When  submitted  to  the  action  of  potassa  the  intermediate  cUoride 
yields  chloride  of  potassium  and  a  very  volatile  liquid,  boiling  at  56° 
(13°-3C),  which  contains  C^H^O,.  C^H.ClOj+KOrzC^H.Oj-f  KC1+ 
HO.  .  Submitted  to  the  action  of  pentachloride  of  phoaphorust  it  yields 
oxichloride  of  phosphorus  and  Dutdi-liquid. 

CAO,  +  PCI,  =  CACl,'  +  PC!,0^ 

Oxide  of  ethylene  is  a  powerful  base ;  it  combines  with  hydrocMork 
add,  foi-ming  chloroglycolic  ether  C4H402,HCI ;  it  precipitates  hydrate 
of  magnesia  from  a  solution  of  chloride  of  magnesium  in  a  few  hours 
at  the  ordinary  temperature.  At  212°  (lOO^)  it  throws  down 
'sesqnioxide  of  iron  and  alumina  from  their  saline  solutions  and  basic 
sulphate  of  copper  from  a  solution  of  sulphate  of  copper.  Oxide  of 
ethylene  is  miscible  with  water  in  all  proportions,  and  reduces  a  solu- 
tion of  silver  like  aldehyde;  it  is,  however,  easily  distinguished  from 
the  latter  by  its  deportment  with  ammonia,  with  whicli  it  combines, 
without  producing  the  beautiful  compound  (see  page  479)  whidi 
characterizes  aldehyde.  When  heated  with  water  oxide  of  ethylene  com- 
bines with  2  equivalents  forming  glycol.  Treatment  with  ammonia 
gives  rise  to  an  intense  evolutiou  of  heat,  and  oiganic  bases  are  pro- 
duced, of  which  Wurtz  has  prepared  a  whole  series,  the  names  and 
formula  of  which  alone  can  be  mentioned  here — 

Monoxethylenamine  ,        *.        .      C^fiv  NH, 

Dioxethylenamine  ,        ,        ,         (C^H^O,,.NH, 

Trioxethylenamine  .  .        •        «     (C^H40,)g,NH, 

Tetroxethylenamine  .         .        •         (^411^02)^,^1, 

Oxide  of  ethylene  combines  directly  with  bromine,  furnishing  (C|H^ 
Oy\  Br,  which,  when  treated  with  metallic  mercury,  gives  oxide  <^ 
diethylene  CgH^O^,  perhaps  the  ether  of  diethylene  alcohol.  Oxide  of 
ethylene  is  immediately  converted  into  ethylene-alcohol  on  treating  the 
aqueous  solution  with  sodium  amalgam. 

Glycol  or  ethylene-alcohol  forms  two  series  of  ethers,  mono-  and  di- 
add.  The  mono-acid  ethers  are  readily  produced  on  heating  equj^raieut 
quantities  of  glycol  and  acid  to  392°*('200°C).  The  diadd  ethers  are 
pKpared  by  healing  glycol  or  the  monadd  ether  with  an  excess  ot 
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add :  both  ethen  maj  be  di&tilled  withoat  deoomposltion :  water,  how- 
ever, decomposes  them  into  the  acid  and  glycol  or  intermediate 
compounds, 

Glyoolic  acid,  0^11,0^,2110.— This  substance-was  first  obtained  by 
the  action  of  nitrous  acid  upon  gljcocol.  It  is  also  produced,  together 
with  other  substances,  by  the  oxidation  of  alcohol  with  nitric  acid,  by 
the  oxidation  of  ethylene  •alcohol,  and,  lastly,  by  the  action  of  heat  upon 
monochlor^  or  monobrom-acetata  of  potassa  or  silver.  The  last  method 
yields  the  glycol  ic  acid  with  the  greatest  facility.  Monochloi-acetate  of 
potassa  is  introduced  together  with  a  little  water  into  a  glass  tube, 
which  is  hermetically  sealed  and  then  digested  for  several  hours  at  248^ 
(120^0).  The  mass  obtained  is  then  extracted  with  alcohol  and  ether, 
which  dissolves  the  glycolic  acid.  This  acid  is  easily  soluble  in  water, 
alcohol,  and  ether.  On  evaporating  an  aqueous  solution  of  the  pure 
acid,  it  is  deposited  in  large  colourless  crystals.  Glycolic  add  has  a 
strong  add  taste  and  reaction,  and  forms  easily  soluble  and  crystal lizable 
salts,  containing  1  equivalent  of  metallic  oxide.  Up  to  the  present  time 
Ho  salts  of  glycolic  acid  containing  2  equivalents  of  base  have  been  pre- 
pared ;  it  must,  however,  be  viewed  as  a  diatomic  add  on  account  of  its 
relation  to  lactic  add ;  ethyl-glycolic  add,  C^Ufi^tC^Efi,llOf  is  also 
known. 

MOXO ACETATE  OF  OXIDE  OF  ETHYLENE — C^H^O„HO,C^H,Oj  ft! 
produced  by  heating  dibromide  of  ethylene  with  an  alcoholic  solution 
of  acetate  of  potassa.  The  product  is  distilled,  the  portion  coming 
over  at  359°*6  (182°C)  being  kept  sepamte.  Jt  is  a  colourless,  oily 
liquid,  misdble  in  every  proportion  with  water  or  alcohol.  If  hydix>- 
chloric  add  gas  be  passed  into  monacetate  of  ethylene  the  compound 
C^H^OClfC^HjO,  is  formed ;  it  is  precipitated  on  addition  of  water  as  an 
oily  Huid,  boiling  at  293°  (145°C).  Treatment  with  potassa  decomposes 
it  into  oxide  of  ethylene,  acetate  of  potassa,  and  chlonde  of  potassium. 

DiACETATE  OF  OXIDE  OF  ETHYLENE,  C4H^O,,2C4H,Og,  is  prepared 
by  the  following  method : — A  mixture  of  dibromide  of  ethylene,  acetate 
of  silver,  and  glacial  acetic  add  is  digested  in  the  watei^bath :  the 
iSigested  mass  is  extracted  with  ether.  On  distilling  the  ethereal  solu- 
tion, the  ether  first  passes  over,  then  the  acetic  acid,  and  lastly,  when 
the  temperature  has  reached  368''- 6  (187''C),  diacetate  of  oxide  of 
ethylene.  It  is  a  colourless,  neutral  liquid,  of  1*128  sp.  gr.  at 
32**  (0*^0) :  it  is  soluble  in  7  parts  of  water  and  in  every  proportion  in 
alcohol  and  ether. 

Dibutyrate  of  oxide  of  ethylene,  C4H40g,2CgH^O,,  and  dibenEoate  of 
oxide  of  ethylene,  €411402,20,411^0^  are  obtained  in  the  same  manner ; 
the  latter  is  a  solid  body,  crystallizing  in  colourless  prisms  which  fuse 
9.t  152°-6  (67<^C), 

C  C  H  O 
BCTYRACETATE  OP  OXIDE  OF  ETHYLENE,  C4H40g  <  Q*\l^()^ 

is  formed  by  the  action  of  butyrate  of  silver  upon  the  compound 
€4114001,0411,0,  previously  mentioned.  It  is  a  heavy  liquid,  insoluble 
-  nirater,  misdble  with  alcohol ;  alkalis  decompose  it  with  difficulty. 
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Ctanide  of  ethylene,  C4H^Cy,.  —  Mr.  Maxwell  Simpson  Ym 
lately  produced  this  interesting  compound  by  heating  1  eq.  of  bro> 
roide  of  ethylene,  with  2  eq.  of  cyanide  of  potassium,  and  a  Urge 
quantity  of  alcohol  on  a  water-bath,  till  all  the  potassium  is  cooverted 
into  biomide  of  potassium.  The  filtered  solution  leaves  on  evaporatioa 
a  semi-liquid  mass,  which  is  purified  by  i-eiieated  washing  with  ether. 
Cyanide  of  ethylene  is  thus  obtained  as  a  crystalline  substance,  fusiUc 
below  122^  (56°C),  easily  soluble  in  water  and  alcohol,  less  soluble  io 
ether.  Treated  with  an  alcoholic  solution  of  potassa  it  is  coDTerted  into 
succinic  acid,  C8H,0„2HO,  and  ammonia:  C4H4Cy,-|-2(KO,HO)-i-4HO 
=  C,H,a,.2KO-f.2NH,. 

SULI'HOCFANIDE   OP   ETHYLENE,  CJi^S^^  =  Cfi^{C^S^\. —  Ob 

boiling  an  alcoholic  solution  of  sulphocyanide  of  potassium  with  dilo- 
lide  of  ethylene,  white  shining  plates  of  sulphocyanide  of  etliylene  are 
deposited.      This  substance  fuses  at  194°  (^9u°C),  and  decomposes  at      i 
a  high  temperature ;  it  is  but  little  soluble  in  cold  water,  but  diswirct      I 
easily  in  boiling  water  and  in  alcohol.  . 

Hydrositlphate  of  sulphide  of  ETHYLENE  (ethyleoe-mer-  | 
captan),  C4H,S4,  is  pre^iared  by  mixing  dichloride  of  ethylene  with 
hydrosulphate  of  sulphide  of  potassium.  It  is  a  heavy,  colourless,  oily 
liquid,  boiling  at  298^-4  (148°C),  insoluble  in  water,  and  neadily  solu- 
ble in  alcohol  and  in  ether.  It  gives  insoluble  precipitates  with  most 
of  the  salts  of  the  metals,  containing  2  equivalents  of  metal  in  the 
pbce  of  2  equivalents  of  hydrogen.  Silver  and  mercury  gire  white 
precipitates ;  the  lead-compound  C4H4pb,S4  is  yellow. 

Sulphide  of  ethylene,  CfH^S^,  gi-adually  separates  in  the  form  of 
a  white  precipitate  from  a  mixture  of  an  alcoholic  solution  of  sulphide 
of  potassium  and  dichloride  of  ethylene. 

Sulpuoolycolic  acid,  C4H40,,HO,2SO,. — ^This  acid,correspoDdi]ig 
to  sulphovinic  acid,  is  readily  foi*med  on  heating  a  mixture  of  ethylent 
alcohol  with  sulphuric  acid ;  the  mixture  is  then  diluted  with  water,  and 
saturated  with  carbonate  of  baryta;  the  filtered  solution  of  the  baryta- 
salt  on  evaporation  deposits  a  white  solid  mass,  having  the  compoaittoo 
BaO,C4HsO,,2S03.  When  heated  with  baryta-water,  this  substance 
splits  into  ethylene-alcoliol  and  sulphate  of  baiyta. 

Diethylene  alcohol,  C^H^gOe,  and  Triethyleke  alcohol 
CijHj^Og,  are  obtained  by  heating  a  mixture  of  oxide  of  ethylene 
with  ethylene-alcohol.  Both  these  substances  are  viscid  liquids :  they 
possess  a  sweet  taste  and  are  miscible  with  water ;  the  former  boils  at 
473°  (2450C),  the  latter  at  554°  (290^0.  The  action  of  dibromide  of 
ethylene  upon  glycol  gives  rise  to  dieUiylene-alcohol,  bromoglyoolic 
ether  and  water,  compounds  of  a  higher  boiling-point  up  to  trieuiyleo^ 
alcohol  being  formed  at  the  same  time.  The  residue,  moreover,  ooo- 
tain.  t«trethylene  alcohol  (C,HA|  q^^^  ,„j  oompounde  of  a  stiU  more 

complex  constitution,  such  as  hexethylene-alcohol,  have  been  proved  to 
be  present.  The  oxidation  of  diethylene-alcohol  by  nitric  acid  pro- 
duces diglyoolic  acid,  C,H«Oi«t  which  is  isomeric  with  malic  add :  it 
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may  be  obtained  in  thick  rhombic  prisms,  containing  2  eqaivalents  of 
water  and  having  the  composition  CgHgOjo+2HO,  by  decomposing  the 
silrer-salt  with  sulphuretted  hydrogen  and  evaporating  the  solution. 
This  add  is  easily  soluble  in  water  and  in  alcohol ;  the  crystals  lose 
their  water  of  crystallization,  and  effloresce  when  exposed  to  the  air,  still 
more  rapidly  m  vacuo  and  at  212'^  (lOO^C) ;  the  anhydrous  add  fuses  at 
298'*'4  (148°C),  and  re-solidifies  at  270°  (138°C).  At  a  temperature 
somewhat  higher  than  its  fusing  point  it  is  decomposed  with  formation 
of  a  pyro-acid. 

The  acid,  C^^i  fix^  ethylene-diglycolic  acid,  was  obtained  by  Wurtz, 
together  with  diglycolic  add,  CgH^Oig,  by  the  oxidation  of  triethylene- 
alcohol.  He  explains  its  foimation  by  assuming  that  the  ethylene- 
radical  is  converted  into  glycolyl,  analogous  to  the  transformation  of 
the  radical  ethyl  into  othyl.  In  the  case  of  triethylene-alcohol  1  equi- 
valent of  ethylene  remains  unaltered. 

The  mutual  relation  of  these  substances,  and  the  manner  in  which 
they  may  be  referred  to  a  gradually  inci-easing  number  of  water  equiva- 
lents becomes  intelligible  by  a  glance  at  the  Ibllowing  fonnule : — 


Water 

Glycol,  ethylene-alcohol 

Glycolic  add 


Water     . 
Diethylene-alcohol 
Diglycolic  acid. 

Water  • 

Triethylene-alcohol   . 

Ethylene-diglycolic  acid 


|o. 

^^5     h 

c^o,)o^ 

H,    I 

H.      0, 

H,    I 

CA 

CA     0. 

H,    I 

C^HjO,     * 

C«HA  0. 

H,    I 

H,    1 

0. 

H,    . 

C4H,     ] 

^4"4        1 

H,    J 

C,H,    ) 

c^HAr' 

H.    J 

a  K 
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SUBSTANCES  MORE  OR  LESS  ALLIED  TO  ALCOHOL. 


METHYL-SERIES. — ^WOOD-BPIBIT  A3SD  ITS  DESIVATITES. 

Ik  the  year  1812,  P.  Taylor  discovei'ed,  among  the  liquid  pro 
ducts  of  the  destructive  distillation  of  dry-wood,  a  peculiar  volatile 
inflammable  liquid,  much  resembling  spirit  of  wine,  to  whi<^  allosiaa 
has  ulieady  been  made.  This  sulntance  has  been  shown  bj  MM. 
Damas  and  Peligot  to  be  another  alcohol,  forming  an  ether  and  a  series 
of  compounds,  exactly  corresponding  with  those  of  vinous  spirit. 
Wood-spirit,  like  ordinary  alcohol,  may  be  regarded  as  a  hydrated 
oxide  of  a  body  like  ethyl,  containing  C^H,,  called  methyl* 

A  very  great  number  of  compound  methyl-ethers  have  been  de- 
scribed: they  present  the  most  complete  parallelism  of  origin^  pro- 
j>erties,  and  constitution  with  those  derived  from  common  aloohoL 


Wood-^rit  Series. 

Methyl  (symbol,  Me)     . 
Oxide  of  methyl 
Hydride  of  methyl  (marsh-gas) 
Chloride  of  methyl    . 
Iodide  of  methyl,  &c.    . 
Zino-methyl     . 
Wood-spirit  .         .         , 

Sulphate  of  oxide  of  methyl 
Nitrate  of  oxide  of  methyl,  &c. 
Sulphomethylic  acid 
Formic  acid 
Chloroform 


*  From  ii^v,  wine,  and  vAiy,  wood :  the  tennlnation 
quently  emplcqned  in  the  sense  of  matter,  materidL 


C,H.      ' 

C,H,0 

CjHjH 

c,H,a 

C,H,I 
C,H,Zn 
C,H,0,HO 
C,H,0,SO, 
C,H,0,NO, 
C,H30,2SO^HO 
C,H  0„H0 
C,H  CI, 

vAi|,  or  y{,  is  very  fre- 
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HVDRATED  OXIDE  OF  METHYL  :  PYROXYLIC  SPIRIT  ;  WOOD-SPIRIT  ; 

MeO,HO. — Th«  crude  wood-vinegar  probably  cootains  about  -^  part 
of  this  subetauce,  which  is  separated  from  the  great  bulk  of  the  liquid 
by  subjecting  the  whole  to  distillation,  and  collecting  apart  the  tirst 
))ortJon8  which  pass  over.  The  acid  solution  thus  obtained  is  neutral- 
ised by  hydrate  of  lime ;  the  clear  liquid  separated  from  Uie  oil  which 
floats  on  the  surface,  and  from  the  sediment  at  the  bottom  of  the 
vessel,  is  again  distilled.  A  volatile  liquid,  which  bums  like  weak 
alcohol,  is  obtained :  this  may  be  strengthened  in  the  same,  manner  as 
ordinai'y  spirit,  by  rectification,  and  ultimately  rendered  pure  and 
anhydrous,  by  careful  distillation  from  quicklime,  by  the  heat  of  a 
water-bath.  Pure  wood-spirit  is  a  colourless,  thin  liquid,  of  peculiar 
odour,  quite  different  from  that  of  alcohol,  and  burning,  disagreeable 
taste:  it  boils  at  152°  (66°-6C),  and  has  a  density  of  0-798  at  68° 
(20°C)-  The  density  of  its  vapour  is  1*12.  Wood-spirit  mixes  in  all 
proportions  with  water,  when  pure :  it  dissolves  resins  and  volatile 
oils  as  freely  as  alcohol,  and  is  often  substituted  for  alcohol  in  various 
processes  in  the  arts,  for  which  purpose  it  is  prepared  on  a  large  scale. 
It  may  be  burnt  instead  of  ordinary  spirit  in  lamps :  the  flame  is 
pale-coloured,  like  that  of  alcohol,  and  deposits  no  soot.  Wood-spirit 
dissolves  caustic  baryta :  the  solution  deposits,  by  evaporation  m  vacuo, 
acicular  crystals,  containing  BaO+MeO,HO.  Like  alcohol,  it  dis- 
solves chloride  of  calcium  in  large  quantity,  and  gives  rise  to  a  crystal- 
line compound,  resembling  that  formed  by  alcohol,  and  containing, 
according  to  Kane,  CnCl+2(MeO,HO). 

Oxide  of  methyl;  wood-ether;  MeO.— One  part  of  wood- 
spirit  and  4  parts  of  concentrated  sulphuric  acid  are  mixed  and  ex- 
posed to  heat  in  a  flask  fitted  with  a  perforated  cork  and  bent  tube: 
the  liquid  slowly  blackens,  and  emits  large  quantities  of  gas,  which  may 
be  passed  through  a  little  strong  solution  of  caustic  potassa,  and  col- 
lected over  mercury.  This  Is  the  vood-spirit  ether,  a  permanently 
gaseous  substance,  which  does  not  liquefy  at  the  temperature  of  3° 
( —  16^'IC).  It  is  colourless,  has  an  ethereal  odour,  and  bums  with 
a  pale  and  feebly-luminous  flame.  Its  specific  gravity  is  1*617.  Cold 
water  dissolves  about  33  times  its  volume  of  this  gas,  acquiring 
thereby  the  characteristic  taste  and  odour  of  this  substance :  when 
boiled,  the  gas  is  again  liberated.  Alcohol,  wood-spirit,  and  concen- 
trated sulphuric  acid  dissolve  it  in  still  larger  quantity. 

Under  the  head  of  ether  it  has  been  mentioned  that  the  generally- 
received  relation  of  this  substance  to  the  other  ethyl  compounds  had 
been  rendered  doubtful  by  recent  researches.  The  same  remark,  of 
course,  applies  to  methylic  ether,  which  is  in  every  respect  analogous  to 
common  ether.  It  was  first  pointed  out  by  Berzelius,  and  has  long  been 
urged  by  MM.  Laurent  and  Gerhardt,  that  the  composition  of  alcohol 
being  expressed  by  the  formula  Cfifl^,  the  true  formula  of  ether 
was  CgHjpO^  and  not  CJSfi.  The  correctness  of  this  view  has 
been  established  by  a  series  of  beautiful  experiments  carried  out  by 
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Prof.  Williamson.  He  found  that  the  substance  produced  by  di^ 
solving  potassium  in  alcohol,  which  has  the  foimula  C^HgOyKO,  when 
acted  upon  by  iodide  of  ethyl,  furnishes  iodide  of  potassium  and  per* 
fectly  pure  etiier.  This  reaction  may  be  expressed  by  the  two  iol> 
lowing  equations : — 

CA^,KO+C^HJ=  KI+2C^H40.  or 
C,H40,K0+ C4H5I  =  KI+ CeHioOg. 

That  in  this  reaction,  not  two  equivaliaits  of  ether  are  formed,  as  re- 
presented in  the  first  equation,  but  that  a  compound  CgHi^O,  is 
formed,  as  expressed  in  the  second,  is  clearly  provra  by  sulvtitnting, 
wh^n  acting  upon  the  compound  CflfifKO,  for  the  ioidide  of  ethyl, 
the  correspondiug  methyl-compound.  In  this  case  neither  common 
ether  nor  methyl-ether  is  formed,  but  an  intermediate  compound 
Cfifi2  =  CJS.fl,C^\ift.  This  substance  is  insoluble  in  water,  and  has 
a  peculiar  odour  similar  to  that  of  elher,  but  boils  at  50^  (10°C). 

It  is  very  probable  that  the  substances,  which  have  been  described 
by  the  terms  ethyl  and  methyl,  likewise  are  not  Cfi^  and  C«Hp  bat 
CeHjo  and  C^H,.  The  limits  of  this  elementary  work  will  not  permit 
us  at  present  to  enter  into  the  details  of  this  questicHi,  which  is  still 
under  the  discussion  of  chemists. 

Chloride  op  methtl,  MeCl. — ^This  compound  is  most  easily  pre- 
pared by  beating  a  mixture  of  2  parts  of  common  salt,  1  of  wood- 
spirit,  and  3  of  concentrated  sulphurio  acid:  it  is  a  gaseous  body, 
which  may  be  conveniently  collected  over  water,  as  it  is  but  slightly 
soluble  in  that  liquid.  Chloride  of  methyl  is  colourless :  it  has  a  pe- 
culiar odour  and  sweetish  taste,  and  bums,  when  kindled,  with  a  pale 
flame,  greenish  towards  the  edges,  like  most  combustible  chlorine-com- 
pounds. It  has  a  density  of  1  *73 1 ,  and  is  not  liquefied  at  0°  (  —  1 7°- 70). 
The  gas  is  decomposed  by  transmission  through  a  red-hot  tube,  with 
slight  decomposition  of  carbon,  into  hydrochloric  acid  gas  and  a  car- 
bonetted  hydrogen,  which  has  been  but  little  examined. 

Iodide  of  methtl,  Mel,  is  a  colourless  and  feebly-combustible 
liquid,  obtained  by  distilling  together  1  part  of  phosphorus,  8  of  iodine, 
and  12  or  15  of  wood-spirit.  It  is  insoluble  in  water,  has  a  densitv 
of  2-237,  and  boils  at  111°  (43°-8C).  The  density  of  its  vapoar  k 
4*883.  The  action  of  zinc  upon  iodide  of  methyl  in  sealed  tubes 
furnishes  a  colourless  gas,  apparently  a  mixture  of  several  substances, 
among  which  methyl  does  occur.*  The  residue  contains  iodide  of  xinc, 
together  with  a  volatile  substance  of  very  disagreeable  odour, 
which  absorbs  oxygen  with  so  much  avidity  that  it  takes  fire  when 
coming  in  contact  with  the  air.  It  is  zinc-methyl,  C^UsZu,  corre- 
sponding to  zinc-ethyl  (see  page  475),  and  may  be  obtained  by  dis- 
tilling Uie  residue  of  the  reaction  of  zinc  upon  iodide  of  methyl  in  an 

•  The  same  compound  Is  believed  to  oocur  among  Uie  sabstanoes  prodnoed  bjr 
the  action  of  the  galvanic  current  upon  acetic  odd.    (See  Valeric  Acid.) 
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apparatus  filled  with  hydrogen.  When  mixed  with  water  it  yields 
oxide  of  zinc  and  light  carbonetted  hydrogen.  Submitted  to  the  action 
of  potassium  it  is  transformed  into  potassinm-methyl,  which  yields 
with  carbonic  acid,  acetate  of  potassa,  C2H3K+2C02  =  KO,C4H,08 
(Wanklyn),  see  page  513. 

Ctanide  of  methtl,  MeCy. — If  adrymixtareof  sulphomethylate 
of  baryta  and  cyanide  of  potassium  be  heated  in  a  retort,  a  very  voIa-> 
tile  liquid  of  a  powerful  odour  distils  over.  It  generally  contains 
hydrocyanic  acid  and  water,  from  which  it  is  separated  by  distillation, 
first  over  red  oxide  of  mercury,  and  then  over  anhydrous  phosphoric 
acid.  When  thus  purified,  it  has  an  agi^eeable  aromatic  odour,  and 
boils  at  170°-6  (77°C).  When  boiled  with  potassa,  it  undergoes  a 
decomposition  analc^ous  to  that  of  cyanide  of  ethyl  (^see  page  458) : 
it  absorbs  4  eq.  of  water,  and  yields  acetic  acid  and  anunonia. 


MeCy  =  C^HaN 


C4H.NO4  I  C^HyNO^ 

It  has  been  mentioned  that  this  compound  may  be  obtained  by  ab- 
stracting 4  eq.  of  water  from  acetate  of  ammonia  by  means  of  phos- 
phoric acid.     (See  page  484.) 

Compounds  of  methyl  with  bromine,  fluorine,  and  sulphur  have  also 
been  obtained. 

Sulphate  op  oxide  of  methyl,  MeO.SOg.  This  interesting 
substance  is  prepared  by  distilling  one  part  of  wood-spirit  with  8  or  10 
of  strong  oil  of  vitriol :  the  distillation  may  be  carried  nearly  to  di  y- 
ness.  llie  oleaginous  liquid  found  in  the  receiver  is  agitated  with 
water,  and  purified  by  rectification  from  powdered  caustic  baryta. 
The  product,  which  is  the  body  sought,  is  a  colourless  oily  liquid,  of 
alliaceous  odour,  having  a  density  of  1*324,  and  boiling  at  370° 
(187° '70).  It  is  neutral  to  test-paper,  and  insoluble  in  water,  but 
decomposed  by  that  liquid,  slowly  in  ^e  cold,  rapidly  and  with  violence 
at  a  boiling  temperatui-e,  into  aulphomethyhc  acid  and  wood-spirit, 
which  is  thus  iTproduced  by  hydration  of  the  liberated  methylic  ether. 
Anhydrous  lime  and  baryta  have  no  action  on  this  substance :  their 
hydrates,  however,  and  those  of  potassa  and  soda,  decompose  it  instantly, 
with  production  of  a  sulphomethylate  of  the  base,  and  wood-spirit. 
W^hen  neutral  sulphate  of  methyl  is  heated  with  common  salt,  it  yields 
sulphate  of  soda  and  chloride  of  methyl ;  with  cyanide  of  mei-cury. 
or  potassium,  it  gives  a  sulphate  of  the  base,  and  cyanide  of  methyl ; 
with  dry  formate  of  soda,  sulphate  of  soda  and  formate  of  methyl. 
These  reacticms  possess  great  interest. 

Nitrate  of  the  oxidb  op  methyl,  MeOjNO^. — One  part  of 
nitrate  of  potassa  is  introduced  into  a  retort,  connected  with  a  tubu- 
lated receiver,  to  which  is  attached  a  bottle,  containing  salt  and  water, 
cooled  by  a  freezing-mixture ;  a  second  tube  serves  to  carry  off  the  in- 
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condensable  gases  to  a  diiranej.  A  mixture  of  one  part  of  wood-^jurit 
and  2  of  oil  of  Titriol  is  made,  and  immediately  pooned  upon  the  nrtre ; 
reaction  commences  at  once,  and  requires  but  little  aid  from  extenial 
heat.  A  small  quantity  of  i-ed  vapour  is  seen  to  arise,  and  an  ethereal 
liquid  condenses,  in  great  abundance,  in  the  receiver,  and  also  in  ibe 
bottle.  When  the  process  is  at  an  end,  the  distilled  products  are 
mixed,  and  the  heavy  oily  liquid  obtained  separated  from  the  water. 
It  is  purified  by  sevei'al  successive  distillations  by  the  heat  of  a  water- 
bath  from  a  mixture  of  chloride  of  calcium  and  litharge,  and,  lastly, 
rectified  alone  in  a  retort,  fui-nished  with  a  thermometer  passing 
through  the  tubulature.  The  liquor  begins  to  boil  at  about  140^ 
(60^C);  the  temperature  soon  rises  to  150°  (65°-5C),  at  which  point 
it  remains  constant :  the  product  is  then  collected  apart,  the  first  and 
roost  volatile  portions  being  contaminated  with  hydrocyanic  add  and 
other  impurities.  Even  with  these  precautions,  the  nitrate  of  methyl 
is  not  quite  pure,  as  the  analytical  results  show.  The  properties  of  the 
substance,  however,  remove  any  doubts  respecting  its  real  nature. 

Nitnite  of  methyl  is  colourless,  neutral,  and  of  feeble  odour:  its 
density  is  1  •  182  :  it  boils  at  150°  (Sb'^bC),  and  burns,  when  kindled, 
with  a  yellow  flame.  Its  vapour  has  a  density  of  2*64,  and  is  emi- 
nently explosive:  when  heated  in  a  flask  or  globe  to  300^  (149*^C;, 
or  a  little  above,  it  explodes  with  fearful  violence :  the  determination 
of  the  density  of  the  vapour  is,  consequently,  fm  operation  of  danger. 
Nitrate  of  methyl  is  decomposed  by  a  solution  of  caustic  potassa  into 
nitrate  of  that  base  and  wood-spirit. 

Oxalate  of  oxide  of  methyl,  2^U0,Cfif. — This  beautiful  and 
interesting  substance  is  easily  prepared  by  distilling  a  mixture  of  equal 
weights  of  oxalic  acid,  wood-spirit,  and  oil  of  vitriol.  A  spirituoos 
liquid  collects  in  the  receiver,  which,  exposed  to  the  air,  quickly  evs- 
})orates,  leaving  the  oxalic  methyl-ether  in  the  form  of  rhombic  trans- 
parent crystalline  plates,  which  may  be  purified  by  pressure  between 
folds  of  bibulous  paper,  and  redistilled  from  a  little  oxide  of  lead. 
The  product  is  colourless,  and  has  the  odour  of  common  oxalic  ether : 
it  melts  at  124°  (51°-1C),  and  boils  at  322°  (161°C).  It  dissolves 
fi'eely  in  alcohol  and  wood-spirit,  and  also  in  water,  which,  however, 
i-apidly  decomposes  it,  especially  when  hot,  into  oxalic  acid  and  wood- 
spirit.  The  alkaline  hydrates  effect  the  same  change  even  more  easily. 
Solution  of  ammonia  converts  it  into  oxamide  and  wood-spirit.  With 
dry  ammoniacal  gas  it  yields  a  white,  solid  substance,  which  crystal- 
lizes from  alcohol  in  pearly  cubes :  this  new  body,  designated  oxa- 
methylane,    or    oxamate    of    methyl,     contains    CgH^NOf  =  CfH,0, 

Many  other  salts  of  oxide  of  methyl  have  been  formed  and  examined. 
The  acetatCy  MeO,C4HgO„  is  abundantly  obtained  by  distilling  2  parts 
of  wood-spirit  with  1  of  crystallizable  acetic  acid,  and  1  of  cil  of 
vitriol.  It  much  renembles  acetic  ether,  having  a  density  of  0*919, 
and  boiling  at  136°  (57°'8C):  the  density  of  its  vapour  is  2*563. 
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This  compound  is  isomeric  with  fonnic  ether.  Formate  of  methyl, 
MeOyOiHO,,  is  prepared  bj  heating  in  a  retort  equal  weights  of  sul- 
phate of  methyl  and  dry  formate  of  soda.  It  is  very  volatile,  lighter 
than  water,  and  is  isomeric  with  hydrate  of  acetic  acid.  Chhro-car- 
Jxmic  meihyl-ether  is  produced  by  the  action  of  pho^ne  gas  upon 
woodnspirit :  it  is  a  colourless,  thin,  heavy,  and  very  volatile  liquid, 
containing  C4H3CIO4  =  C^^s^^^a^lOs*  '^  yields  with  dry  ammonia  a 
V>iid  crystallizable  substance,  called  urethylane,    (See  page  461*) 

SuLPHOMETHTLio  ACID,  MeO,2S03,HO.  —  Sulphomethylate  of 
baryta  is  prepared  in  the  same  manner  as  the  sulphovinate :  1  part  of 
wood-tpint  is  slowly  mixed  with  2  parts  of  concentrated  sulphuric 
acid,  the  whole  heated  to  ebullition,  and  led  to  cool,  after  which  it  is 
diluted  with  water  and  neutralized  with  carbonate  of  baryta.  The 
solution  is  filtered  from  the  insoluble  sulphate,  and  evaporated,  first 
in  a  water-bath,  and  afterwards  in  vacuo  to  the  due  degree  of  con- 
centration. The  salt  crystallizes  in  beautiful  square  colourless  tabl^, 
containing  BaO,G,H,0,2S03-|-2HO,  which  effloresce  in  dry  air,  and 
are  very  soluble  in  water.  By  exactly  precipitating  the  base  from 
this  substance  by  dilute  sulphuric  acid,  and  leaving  the  filtered  liquid 
to  evaporate  in  the  air,  hydrated  sulphomethylic  add  may  be  pro- 
cured in  tibe  form  of  a  sour,  syrupy  liquid,  or  as  minute  acicular 
crystals,  very  soluble  in  water  and  alcohol.  It  is  very  instable,  being 
decomposed  by  heat  in  the  same  manner  as  sulphovinic  acid.  Sulpho- 
methylate of  potassa  crystallizes  in  small,  nacreous,  rhombic  tables, 
which  are  deliquescent:  it  contains  K0,C2H20,2S03.  The  lead-salt  is 
also  very  soluble. 

Formic  acid. — As  alcohol  by  oxidation  under  the  influence  of 
finely-divided  platinum  gives  rise  to  acetic  acid,  so  wood-spirit,  under 
similar  circumstances,  yields  a  peculiar  acid  product,  produced  by 
the  substitution  of  2  eq.  of  oxygen  for  2  eq.  of  hydrogen,  to  which  the 
term  formic  acid  is  given,  from  its  occurrence  in  the  animal  kingdom, 
in  the  bodies  of  ants.  The  experiment  may  be  easily  made  by  en- 
closing wood-spirit  in  a  glass  jar  with  a  quantity  of  platinum-black, 
and  allowing  moderate  access  of  air :  the  spirit  is  gradually  converted 
into  formic  acid.  There  has  not  been  found  an  intermediate  product 
corresponding  to  aldehyde.  Anhydrous  formic  acid,  as  in  the  salts, 
contains  C^HOj,  or  the  elements  of  2  eq.  carbonic  oxide,  and  1  eq. 
water. 

Pure  hydrate  of  foiinic  acid,  OjHOstHO,  is  obtained  by  the  action 
of  sulphuretted  hydrogen  on  dry  formate  of  lead.  The  salt,  reduced 
to  fine  powder,  is  very  gently  heated  in  a  glass  tube  connected  with  a 
condensing  apparatus,  through  which  a  current  of  dry  sulphuretted 
hydrogen  gas  is  transmitted.  It  forms  a  clear,  colourless  liquid, 
which  fumes  slightly  in  the  air,  of  exceedingly  penetrating  odour, 
boiling  at  209°  (98°-3C),  and  crystallizing  in  large  brilliant  plates 
when  cooled  below  32«>  (0°C).  The  sp.  gr.  of  the  acid  is  1*235:  it 
mixes  with  water  in  all  proportions :  the  vapour  is  inflammable,  and' 
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barns  with  a  blue  flame.  A  second  hydrate,  containing  2  eq.  of  water, 
ezists:  its  density  is  I'll,  and  it  boils  at  223""  (106'='*1C>  In  its 
concentrated  form' this  body  is  extremely  corrosive:  it  attacks  theaidit, 
forming  a  blister  or  an  ulcer,  painful  and  difficult  to  heal.  A  more 
dilute  add  may  be  prepared  by  a  variety  of  processes.  Starch,  sugar, 
and  many  other  organic  substances  often  yield  formic  acid  when  hea^ 
with  oxidizing  agents :  a  convenient  method  is  the  following : — 1  part 
of  sugar,  3  of  binoxide  of  manganese,  and  2  of  water,  are  mixed  in  tf 
very  capacious  retort,  or  laige  metal  still :  3  parts  of  oil  of  vitriol, 
diluted  with  an  equal  weight  of  water,  are  th^  added,  and  when  the 
first  violent  efiervesomoe  from  the  disengagement  of  carbonic  acid  has 
subsided,  heat  is  cautiously  applied,  and  a  considerable  qnaatily  of 
liquid  distilled  over.  This  is  very  impure :  it  contains  a  volatile  oily 
matter,  and  some  substance  which  communicates  a  pui^ency  not 
proper  to  formic  acid  in  that  dilute  state.  The  acid  liquid  is  neu- 
tralized with  carbonate  of  soda,  and  the  resulting  formate  purified  by 
crystallization,  and,  if  needful,  by  animal  chanooal.  From  this,  or 
any  other  of  its  salts,  solution  of  formic  acid  may  be  readily  obtidned 
by  distillation  with  dilute  sulphuric  acid.  It  has  an  odour  and  taste 
much  resembling  those  of  acetic  acid,  reddens  litmus  strongly,  and  de> 
composes  the  alkaline  carbonates  with  effervescence. 

Another  process  for  making  formic  acid  consists  in  distilling  dry 
oxalic  acid,  mixed  with  its  own  weight  of  sand  or  pumice-stone  in  a 
glass  retort.  Carbonic  oxide  and  carbonic  acid  are  disengaged,  while  a 
very  acid  liquid  distils,  which  is  formic  acid  contaminated  with  a 
small  quantity  of  oxalic  acid.  By  redistilling  this  mixture  pure 
formic  acid  is  obtained.  This  process  yields  a  very  strong  add,  but 
only  a  small  quantity  in  proportion  to  the  oxalic  add  employed.  A 
still  better  result  is  obtained  by  distilling  oxalic  add  with  glycerin. 

Formic  add,  in  quantity,  may  be  extracted  from  ants  by  distilling 
the  insects  with  water,  or  by  simply  macerating  them  in  the  oold 
liquid. 

Formic  add  is  readily  distinguislied  from  acetic  add  by  heating  it 
with  a  littie  solution  of  oxide  of  silver  or  mercury :  the  metal  is  re- 
duced, and  precipitated  in  a  pulverulent  state,  while  carbonic  add  is 
evolved :  this  reaction  is  suffidently  intelligible.  The  protochloride  of 
mercury  is  reduced,  by  the  aid  of  the  elements  of  water,  to  oalomel, 
carbonic  and  hydrochloric  acids  being  formed.  Formic  add,  when 
heated  with  concentrated  sulphuric  acid,  splits  into  carbonic  oxide  and 
water:  on  the  other  hand  carbonic  oxide,  when  heated  with  caustic 
potassa,  furnishes  formate  of  potassa.  Messrs.  Kolbe  and  Schmitt  lately 
made  the  interesting  observation  that  formic  add  is  produced  by  the 
simultaneous  action  of  carbonic  acid  and  water  vapour  upon  potassium ; 
together  with  formate,  bicarbonate  of  potassa  is  generated:  2K4-4CSO« 

+2H0  =  K0,H0,2C0,+  Ko,cyaOg. 

The  most  important  salts  of  formic  acid  are  the  following : — Fbrm' 
ate  of  aoda  crystallizes  in  rhombic  prisms  containing  2  eq.  of  water:  it 
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is  rerj  soluble,  and  is  decomposed  like  the  rest  of  the  salts  by  hot  oil 
of  vitriol  with  evolation  of  pure  carbonic  oxide.  Fused  with  many 
metallic  oxides,  it  causes  their  reduction.  Formate  of  potasaa  is  with 
difficaltj  made  to  crystallize  from  its  great  solubility.  Formate  of 
ammonia  crystallizes  in  square  prisAs :  it  is  very  soluble,  and  is  de- 
composed by  a  high  temperature  into  hydrocyanic  acid  and  water,  the 
elements  of  which  it  contains,  NH^O.C^O,— 4H0  =  G^NH.  This 
decomposition  ia  perfectly  analogous  to  that  of  acetate  of  ammonia  (see 
page  4^4).  The  salts  of  hooryta,  ttroniia,  Hmey  and  magnesia  form 
small  prismatic  crystals,  soluble  without  difficulty.  Formate  cf  lead 
crystallizes  in  small,  diverging,  colourless  needles,  which  require  for 
solution  40  parts  of  cold  water.  The  formates  of  manganese,  protoxide 
of  iron,  tine,  nickel,  and  cobalt  are  also  crystallizable.  That  of  copper 
is  very  beautiful,  constituting  bright  blue  rhombic  prisms  of  considei^ 
able  magnitude.  Formate  of  silver  is  white,  but  slightly  soluble,  and 
decomposed  by  the  least  elevation  of  temperature. 

Formates,  when  mixed  with  acetates  and  submitted  to  distillation, 
jield  carbonates  and  acetic  aldehyde.  MO,C2HO,+MO,C4HsO,= 
C4HA+2(M0,(X)a). 

Formate  op  the  oxide  of  ethyl;  formic  ether;  AeO, 
CjHOj. — A  mixture  of  7  parts  of  dry  formate  of  soda,  10  of  oil  of 
vitriol,  and  6  of  strong  alcohol,  is  to  be  subjected  to  distillation.  The 
ibrmic  ether,  separated  by  the  addition  of  water  to  the  distilled  product, 
is  agitated  with  a  little  magnesia,  and  lefl  several  days  in  contact  with 
chloride  of  calcium.  Formic  ether  is  colourless,  has  an  aromatic  smell, 
and  density  of  0  •  915,  and  boils  at  133°  (56°C).  Water  dissolves  this 
sabstanoe  to  a  small  extent. 

Chloroform. — ^This  substance  is  produced,  as  already  remarked, 
when  an  aqueous  solution  of  caustic  alkali  is  made  to  act  upon  diloral. 
It  may  be  obtained  with  greater  facility  by  distilling  alcohol,  wood- 
spirit,  or  acetone  with  a  solution  of  chloride  of  lime.  1  part  of  hydrate 
of  lime  is  suspended  in  24  parts  of  cold  water,  and  chlorine  passed 
through  the  mixture  until  nearly  the  whole  lime  is  dissolved.  A  little 
»  more  hydrate  is  then  added  to  restore  the  alkaline  reaction,  the  clear 
liquid  mixed  with  one  part  of  alcohol  or  wood-spirit,  and,  after  an  in- 
terval of  24  hours,  cautiously  distilled  in  a  very  spacious  vessel.  A 
watery  liquid  containing  a  little  spirit  and  a  heavy  oil  collect  in  the 
receiver:  the  latter,  which  is  the  chloroform,  is  i^tated  with  water, 
digested  with  chloride  of  calcium,  and  rectified  in  a  water-bath.  It  is 
a  thin,  colourless  liquid  of  agreeable  ethereal  odour,  much  resembling 
that  of  Dutch-liquid,  and  of  a  sweetish  taste.  Its  density  is  1  *48,  and 
it  boils  at  141°  •  8  (61°C) :  the  density  of  its  vapour  is  4  •  20.  Chloro- 
form is  with  difficulty  kindled,  and  bums  with  a  greenish  flame.  It 
is  neariy  insoluble  in  water,  and  is  not  affected  by  concentrated  sul- 
phuric acid. 

Chloroform  may  be  prepared  on  a  larger  scale  by  cautiously  distilling 
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together  good  commercial  chloride  of  lime,  water,  and  alcohol.  The 
whole  prodact  distils  over  with  the  first  portions  of  water,  so  that  the 
operation  may  be  soon  interrupted  with  aidvantage. 

This  substance  has  been  called  strongly  into  notice  from  its  remark- 
able effects  upon  the  animal  system  in  producing  temporary  insensi- 
bility to  pain  when  its  vapour  is  inhaled. 

Chloroform  contains  C^HClj:  treated  with  caustic  potaasa  it  is 
changed  to  formic  acid  by  the  sabstitntion  of  3  eq.  of  oxygen  for  3  eq. 
of  chlorine  removed  by  Uie  alkali-metal. 

Bromoform,  C^HBr,,  is  a  heavy,  volatile  liquid,  prepared  by  a 
similar  process,  bromine  being  substituted  in  the  place  of  chlorine.  It 
is  converted  by  caustic  potai^sa  into  bromide  of  potassium  and  formate 
of  potassa.  Iodoform^  CgHI,,  is  a  solid,  yellow,  crystaUiaible  sub- 
stance, easily  obtained  by  adding  alcoholic  solution  of  potassa  to  tinc- 
ture of  iodine,  avoiding  excess,  evaporating  the  whole  to  di3me68,  and 
treating  the  residue  with  water,  iodoform  is  nearly  insoluble  in  water, 
but  dissolves  in  alcohol,  and  is  decomposed  by  alkalis  in  the  same 
manner  as  the  preceding  compounds. 

FoRMOMETHYLAL. — ^This  is  a  product  of  the  distillation  of  wood- 
spirit  with  dilute  sulphiunc  acid  and  binoxide  of  manganese.  Tlie 
distilled  liquid  is  saturated  with  potassa,  by  which  the  new  substance 
is  separated  as  a  light  oily  fluid.  When  purified  by  rectification,  it  is 
colourless,  and  of  agreeable  aromatic  odour:  it  has  a  dmsity  of  0*855, 
boils  at  170°  (41°C;,  and  is  completely  soluble  in  three  parts  of  water. 
It  contains  CgHgO^.  It  corresponds  to  acetal,  and  may  be  viewed  as  a 
compound  of  2  eq.  of  methyl  ether  with  1  eq.  of  the  yet  unknown 
aldehyde  of  the  methyl-series,  C,Hg04  =  20,1130,0,11,0^ 

It  may  also  be  derived  from  an  alcohol,  0,11^04 =C,H,0,,2H0, 
standing  to  methylic  alcohol  in  the  same  relation  which  exists  be- 
tween ethylic  and  ethylenic  alcohols. 

Methylene  alcohol     .         .  ^^g*^ '}  O^ 

Formomethylal         .  .        (c!h*)"}  ^* 

Methyl-mercaptan  is  prepared  by  a  process  similar  to  Uiat  re- 
commended for  ordinary  mercaptan,  sulphomethylate  of  potassa  being 
substituted  for  the  sulphovinate  of  lime.  It  is  a  colourless  liquid,  of 
powerful  alliaceous  odour,  and  lighter  than  water:  it  boils  at  68° 
(20°0),  and  resembles  mercaptan  in  its  action  on  red  oxide  of  mer- 
cury. 

Products  op  the  action  op  chlorine  on  the  comfodnds  op 
METHYL. — Ohlorine  acts  upon  the  methylic  compounds  in  a  manner 
strictly  in  obedience  to  the  law  of  substitution :  the  carbon  invariably 
remains  intact,  and  every  proportion  of  hydrogen  removed  is  replaced 
by  an  equivalent  quantity  of  dilorine.  Methylic  ether  and  chlorine 
in  a  dry  and  pure  condition,  yield  a  volatile  liquid  product,  cmitaining 
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C^HjCnO :  the  experiment  is  attended  with  great  daoger,  as  the  least 
elevation  of  temperature  gives  rise  to  a  violent  explosion.  This  pro- 
dact  in  its  turn  furnishes,  bj  the  continued  action  of  the  gas,  a  second 
liquid  containing  CfiClfi.  The  whole  of  the  hydrogen  is  eventuallj 
lost,  and  a  third  compound,  Cfilfi,  produced. 

Chloride  of  methyl,  CjH^Ol,  in  tike  manner  gives  rise  to  three  sue- 
(^essive  products.  The  tirst,  CjHjClj*  is  a  volatile  liquid,  much  re- 
sembling chloride  of  defiant  gas :  the  second,  C,HC1,,  is  no  other  than 
chloroform ;  the  third  is  bichloride  of  carbon,  C^Cl^. 

Some  of  these  substances,  especially  chloroform  and  bichloride  of 
carbon,  have  been  obtained  also  by  the  action  of  chlorine  on  light  car- 
bonetted  hydrogen  (marsh-gas),  which  thus  beovies  connected  with 
the  methy]-«eries.  it  may  be  regarded  as  hydride  of  methyl,  a  view 
which  is  likewise  supported  by  its  formation  from  zinc-methyl  (see 
page  502)  :  thus  we  have  the  following  series : — 

Hydride  of  methyl  .  CjHgH.     Light  carbonetted  hydrogen. 

Chloride  of  methyl      .         .  C,HgCl. 

Chlorinetted  chloride  of  methyl  CgH^Clj' 

Bichlorinetted     „  „  C,HC1,,    Chloroform. 

Trichlorinetted    ,,  „  CjCl^.       Bichloride  of  carbon. 

The  acetate  of  methyl,  C.H.O^,  gives  CeH^a^O^,  and  CeHjCl.O^ ; 
the  other  methyl-ethers  are  without  doubt  affected  in  a  similar 
manner. 

Commercial  wood-spirit  is  very  frequently  contaminated  with  other 
substances,  6ome  of  which  are  with  great  difficulty  separated.  It 
sometimes  contains  aldehyde,  often  acetone  and  propione,  and  very 
frequently  a  volatile  oil,  which  is  precipitated  by  the  addition  of  water, 
rendering  the  whole  turbid.  The  latter  is  a  mixture  of  several  hydro- 
carbons, very  analogous  to  those  contained  in  coal-tar.  A  specimen  of 
wood-spirit,  from  Wattwyi,  in  Switzerland,  was  found  by  Gmelin  to 
contain  a  volatile  liquid,  differing  in  some  respects  from  acetone,  to 
which  he  gave  the  term  lignone,  A  very  similar  substance  is  described 
by  Schweitzer  and  Weidmann,  under  the  name  of  xylite.  Lastly,  Mr. 
Scanlan  has  obtained  iiom  wood-spirit  a  solid,  yellowish-red,  crystal- 
lizable  substance,  called  ebianin.  It  is  lefl  behind  in  the  retort  when 
the  ci'ude  spirit  is'  rectified  from  lime:  it  is  insoluble  in  water,  sub- 
limes without  fusion  at  273°  (133°* 9C),  and  contains,  according  to 
Gregory,  C^iH.O^. 


KAKODYL  AND  ITS  COMPOUNDS. 


The  substance  long  known  under  the  name  of  fuming  liquor  of  Cadet^ 
prepared  by  distilling  ».  mixture  of  dry  acetate  of  potassa  and  arsenious 
add,  has  been  shown  by  M.  Bunsen  to  be  the  oxide  of  an  i$olahU  oi^ganic 
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basyl,  capable  of  ionniog  a  rast  nnmber  of  combtnatioiis  di^Wdng 
other  bodies,  and  beii^  in  turn  displaced  by  them,  in  the  same  manner 
as  a  metal.  The  inrestigation  of  this  difficult  subject  reflects  the 
highest  honour  on  the  patience  and  skill  of  the  discoverer.  Eakodjl, 
60  named  from  its  poisonous  and  offensive  nature,  contains  three  ele- 
ments, viz.,  carbon,  hydrogen,  and  arsenic:  it  may  be  viewed  as  a 
combination  of  I  eq.  of  arsenic  and  2  eqs.  of  methyl. 

Tbble  of  the  most  important  Kakodyl-Compounds. 


Kakodyl  (symbol  Kd)   . 

.     C^H^As 

Oxide  of  kakodyl  .    .         .         . 

KdO 

Chloride  of  kakodyl 

.     KdCl 

Chloride  of  kakodyl  and  copper  . 

KdCl  +  Cu,Cl 

Oxychloride  of  kakodyl 

.     3KdCl-hKdO 

Terchloride  of  kakodyl 

KdCl, 

Bromide  of  kakodyl 

.     KdBr 

Iodide  of  kakodyl 

EdI 

Cyanide  of  kakodyl 

.    KdCy 

Kakodylic  add 

KdOa 

Kakodylate  of  silrer 

.     AgO,KdO, 

Kakodylate  of  kakodyl 

KdO,KdO, 

Sulphide  of  kakodyl 

.     KdS 

Sulphide  of  kakodyl  and  copper  . 

KdS  4-  3CuS 

Tersulphide  of  kakodyl . 

.    KdS, 

Sulphur-salts,    containing   tersal< 

.  ^  KdS.KdS^-AnS,lvdS, 
/  CuS,KdS8-PbS,KdSi 

phide  of  kakodyl    . 

Selenide  of  kakodyl 

.     KdSe 

Oxide  of  kakodvl;  Cadet's  fuming  liquid;  alkassin; 
KdO. — Equal  weights  of  acetate  of  potasaa  and  arsenious  acid  are  inti- 
mately mixed  and  introduced  into  a  glass  retort  connected  with  a  a>n- 
denser  and  tubulated  receiver,  cooled  by  ice :  a  tube  is  attached  to  the 
receiver  to  carry  away  the  permanently^;aseous  products  to  some  dis- 
tance from  the  experimenter.  Heat  is  then  applied  to  the  retort, 
which  is  gradually  increased  to  redness.  At  tlie  doee  of  the  opera- 
tion, the  receiver  is  found  to  contain  two  liquids,  besides  a  quantity  of 
reduced  arsenic:  the  heavier  of  these  is  the  oxide  of  kakodyl  in  a 
coloured  and  impure  condition ;  the  other  chiefly  consists  of  water, 
acetic  acid,  and  acetone.  The  gas  given  off  during  distiUation  is  prin- 
dpally  carbonic  add.  The  crude  oxide  of  kakodyl  is  i-epeatedly  washed 
by  agitation  with  water,  previously  freed  from  air  by  boiling,  and  after- 
wards redistilled  from  hydiate  of  potassa  in  a  vesad  filled  with  pure 
hydrogen  gas.     All  these  operations  must  be  conducted  in  the  open  air. 
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and  the  strictest  precautions  adopted  to  avoid  the  accidental  inhalation 
of  the  smallest  quantity  of  the  vapour  or  its  products. 

Oxide  of  kakodyl  is  a  colourless,  ethereal  liquid  of  gi-eat  I'efractive 
power:  it  is  much  heavier  than  water,  having  a  density  of  1  '462.  It 
is  veiy  slightly  soluble  in  water,  but  easily  dissolved  by  alcohol :  its 
boiiing-poiut  approaches  302°  (150°C),  and  it  solidifies  to  a  white  ciys- 
talline  mass  at  9°  (  — 12°  *  8C).  The  odour  of  this  substance  is  extremely 
offensive,  resembling  that  of  arsenetted  hydrogen ;  the  minutest  quau-> 
tity  attacks  the  eyes  and  the  mucous  membrane  of  the  nose ;  a  larger 
dckse  is  highly  dangerous.  When  exposed  to  the  air,  oxide  of  kakodyl 
emits  a  dense  white  smoke,  becomes  heated,  and  eventually  takes  fire, 
burning  with  a  pale  flame,  and  producing  carbonic  acid,  water,  and  a 
copious  cloud  of  arsenious  acid.  It  explodes  when  brought  into  contact 
with  strong  nitric  acid,  and  inflames  spontaneously  when  tiirown  into 
chlorine  gas.  The  density  of  the  vapour  of  this  body  is  about  7  *  5. 
Oxide  of  kakodyl  is  generated  by  the  reaction  of  arsenious  acid  on  the 
elements  of  acetone,  carbonic  acid  being  at  the  same  time  formed :  the 
accompanying  products  are  accidental : — 

2  eq.  acetone,  CgH^O,,  and  1  eq.  arsenious  acid,  AsO,  =  1  eq.  oxide 
of  kakodyl,  C^Hg-^sO,  and  2  eq.  carbonic  add,  Cfi^. 

Chloride  of  kakodyl,  KdCl. — A  dilute  alcoholic  solution  of 
oxide  of  kakodyl  is  cautiously  mixed  with  an  equally  dilute  solution  of 
corrosive  sublimate,  avoiding  an  excess  of  the  latter ;  a  white  crystal- 
line, inodorous  precipitate  falls,  containing  KdO+2HgCl:  when  this 
is  distilled  with  concentrated  liquid  hydrochloric  add,  it  yields  corrosive 
sublimate,  water,  and  chloride  of  hakodyC,  which  distils  over.  The 
product  is  left  some  time  in  contact  with  chloride  of  caldum  and  a 
little  quicklime,  and  then  distilled  alone  in  an  atmosphere  of  carbonic 
acid.  The  pure  chloride  is  a  colourless  liquid,  which  does  not  fume  in 
the  air,  but  emits  a  vapour  even  more  feturful  in  its  effects,  and  more 
insupportable  in  odour  than  that  of  the  oxide.  It  is  heavier  than  water, 
and  insoluble  in  that  liquid,  as  also  in  ether :  alcohol,  on  the  other  hand, 
dissolves  it  with  facility.  The  boiling-point  of  this  compound  is  a  little 
above  212°  (100°C) :  its  vapour  is  colourless,  spontaneously  inflam- 
mable in  the  air,  and  has  a  density  of  4'56#  Dilute  nitric  acid  dissolves 
the  chloride  without  change ;  with  the  concentrated  acid  ignition  and  ex- 
plosion occur.  Chloride  of  kakodyl  combines  with  subchloride  of  cop{)er 
to  a  white,  insoluble,  ciysialline  double  salt,  containing  KdCl+CugCl, 
and  also  with  oxide  of  kakodyl. 

Kakodyl  in  a  free  state  may  be  obtained  by  the  action  of 
metallic  zinc,  iron,  or  tin  upon  the  above-described  compound.  Pure 
and  anhydrous  chloride  of  kakodyl  is  digested  for  three  hours  at  a 
temperature  of  212°  (100°C),  with  slips  of  dean  metallic  zinc  con- 
tained in  a  bulb  blown  upon  a  glass  tube,  pi-eviously  fllled  with  car- 
bonic add  gas,  and  hermetically  sealed.  The  metal  dissolves  quietly 
withoat  evolution  of  gas.  When  the  action  is  complete,  and  the 
whole  cool,  the  vessel  is  observed  to  contain  a  white  saline  mass, 
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Fig.  185. 


which,  on  the  admission  of  a  little  water,  dissolves,  and  liberates  a 
heayy  oily  liquid,  the  kakodyl  itself.  This  is  rendered  quite  pure  by 
distillation  from  a  fresh  quantity  of  zinc,  the  process  being  oond acted 
in  the  little  apparatus  shown  in  the  margin,  which  is  made  from  a 
piece  of  glass  tube,  and  is  intended  to  serve  the  purpose  both  of 
retort  and  receiver.  The  zinc  is  introduced  into  the  upper  bulb,  and 
the  tube  drawn  out  in  the  manner  represented.  The  whole  is  then 
filled  with  carbonic  acid,  and  the  lower  extremity  put  into  communica- 
tion with  a  little  hand-syringe.    On  dipping  the  point  a  into  the  erode 

kakodyl,  and  making  a  slight  movement  of  ex- 
haustion, the  liquid  is  drawn  up  into  the  bulb. 
Both  extremities  are  then  sealed  in  the  blowpipe 
flame,  and  after  a  short  digestion  at  212^  (lOO^C), 
or  a  little  above,  the  pure  kakodyl  is  distilled 
off  into  the  lower  bulb,  which  is  kept  cooL  It 
forms  a  colourless,  trauHparent,  thin  liquid,  much 
resembling  the  oxide  in  odour,  and  surpassing  that 
substance  in  inflammability.  When  poured  into 
the  air,  or  into  oxygen  gas,  it  ignites  instantly: 
the  same  thing  happens  with  chlorine.  With 
very  limited  access  of  air  it  throws  off  white 
fumes,  passing  into  oxide,  and  eventually  into  ka- 
kodylic  acid.  Kakodyl  boils  at  338*'  (170°C), 
and  when  cooled  to  21°  (-  6°*1C)  crystallizes  in 
large,  transparent,  square  prisms.  It  combines 
directly  with  sulphur  and  chlorine,  and,  in  fact, 
may  readily  be  made  to  furnish  all  the  compounds  previously  derived 
from  the  oxide.  It  constitutes  one  of  the  most  perfect  types  of  an 
organic  ^uost-metal  which  chemistry  yet  possesses. 

Kakodyl  is  decomposed  by  a  temperature  inferior  to  redness  into 
metallic  arsenic,  and  a  mixture  of  2  measures  light  carbonetted  h3rdn>- 
gen  (marsh-gas,  hydride  of  methyl),  and  1  measure  defiant  gas.  This 
decomposition  connects  kakodyl  most  intimately  with  the  methyl  series, 
a  connection  which  is  also  dearly  proved  by  the  formation  of  smaU 
quantities  of  kakodyl  by  the  action  of  iodide  of  methyl  upon  an  alloy  of 
arsenic  and  sodium.     We  shall  return  to  this  reaction. 

Chloride  of  kakodyl  forms  a  hydrate,  which  is  thick  and  viscid,  and 
readily  decomposable  by  chloride  of  calcium,  which  withdraws  the 
water.  In  the  preparation  of  the  chloride,  and  also  in  other  opera- 
tions, a  small  quantity  of  red  amorphous  powder  is  often  obtained, 
called  erytrarsin,  Thu  is  insoluble  in  water,  alcohol,  ether,  and 
caustic  potassa,  but  is  gradually  oxidized  by  exposure  to  the  air,  with 
production  of  arsenious  add.     It  contains  Cfifi^kB^. 

Iodide  of  kakodtl,  Kdl. — This  is  a  thin,  yellowish  liquid,  of 
offensive  odour,  and  considerable  specific  gravity,  prepared  by  distilling 
oxide  of  kakodyl  with  strong  solution  of  hydriodic  acid.  A  yellow 
cryBtalline  substance  is  at  l^e  same  time  formed,  which  is  an  oxy- 
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iodide.    Bromide  and  fluoride  of  kakodyl  have  likewise  been  obtained 
and  examined. 

Sulphide  of  kakodyl,  KdS,  is  prepared  by  distilling  chloride  of 
kakodyl  with  a  solution  of  the  hydrosulphate  of  sulphide  of  barium.  It 
is  a  dear,  thin,  colourless  liquid,  smellbg  at  once  of  alkarsin  and  mer- 
captan,  insoluble  in  water,  and  spontaneously  inflammable  in  the  air. 
Its  boiling-point  is  high,  but  it  distils  easily  with  the  yapour  of  water. 
The  subslAnce  unites  directly  with  sulphur,  and  generates  tersulphide 
of  kakodyl,  KdS,,  which  is  a  sulphur-add,  and  oombines  with  the 
sulphides  of  gold,  copper,  bismuth,  lead,  and  antimony. 

Cyanide  op  kakodyl,  KdCy. — The  cyanide  is  easily  formed  by 
distilling  alkarsin  with  strong  hydrocyanic  acid,  or  cyanide  of  mercury. 
Above  91°  (32° -70)  it  is  a  colourless,  ethereal  liquid,  but  below  that 
temperature  it  crystallizes  in  colourless,  four-sided  prisms,  of  beautiful 
diamond  lustre.  It  boils  at  about  284''  (140''C),  and  is  bat  slightly 
soluble  in  water.  It  requires  to  be  heated  before  indammation  occurs. 
The  vapour  of  this  substance  is  most  fearfully  poisonous :  the  atmo- 
sphere of  a  room  is  said  to  be  so  &r  contaminated  by  the  evaporation  of 
a  few  grains,  as  to  cause  instantaneous  numbness  of  the  hands  and  feet, 
vertigo,  and  even  unconsciousness. 

Kakodylic  acid  (alkargen)  ;  KdO,. — ^This  is  the  ultimate  pro- 
duct of  the  action  of  oxygen  at  a  low  temperature  upon  kakodyl  or  its 
oodde :  it  is  best  prepared  by  adding  oxide  of  mercury  to  that  substance, 
covered  with  a  layer  of  water,  and  artifidally  cooled,  until  the  mixture 
loses  all  odour,  and  afterwards  decomposing  any  kakodylate  of  mercary, 
that  may  have  been  formed,  by  the  cautious  addition  of  more  alkarsin. 
The  liquid  furnishes,  by  evaporation  to  dryness  and  solution  in  alcohol, 
crystals  of  the  new  acid.  The  sulphide,  and  other  compounds  of  ka- 
kodyl, yield,  by  exposure  to  air,  the  same  substance.  Kakodylic  add 
ftrms  brilliant,  colourless,  brittle  crystals,  which  have  the  form  of  a 
modified  square  prism :  it  is  permanent  in  dry  air,  but  deliquescent  in 
a  moist  atmosphere.  It  is  very  soluble  in  water  and  in  alcohol,  but 
not  in  ether:  the  solution  has  an  acid  reaction.  When  mixed  with 
alkalis  and  evaporated,  a  gummy,  amorphous  mass  results.  With  the 
oxides  of  silver  and  mercury,  on  the  other  hand,  it  yields  crystallizable 
compounds.  It  unites  wiUi  oxide  of  kakodyl,  and  forms  a  variety  of 
combinations  with  metallic  salts.  Alkargen  is  exceedingly  stable :  it  is 
neither  afiected  by  red  fuming  nitric  add,  aqua  regia,  nor  even  chromic 
acid  in  solution :  it  may  be  boiled  with  these  substances  without  the 
least  change.  It  is  deoxidized,  however,  by  phosphorous  acid  and  pro- 
tochloride  of  tin  to  oxide  of  kakodyl.  Dry  hydriodic  add  gas  decom- 
poses it,  with  production  of  water,  iodide  of  kakodyl,  and  free  iodine  ; 
hydrochloric  add,  under  shnilar  circumstances,  converts  it  into  a  cor- 
responding terchloride,  which  is  solid  and  crystallizable.  Lastly,  what 
is  extremdy  remarkable,  this  subatance  is  not  in  the  least  degree 
poisonous. 

Pabakaxodylig  oxide. — When  air  is  allowed  access  to  a  quantity 
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of  alkarsin,  so  slowly  that  no  sensible  rise  of  temperature  follows*  that 
bod  J  is  gradually  converted  into  a  thick,  sympy  liquid,  fiill  of  crjvtab 
of  kakodylic  acid.  Long  exposnre  to  air,  or  the  passage  of  a  copious 
current  through  the  mass,  heated  to  158°  (70°C),  fails  to  indooe  c»7»- 
tallization  of  the  whole.  If  in  this  state  water  be  added,  eveijUims: 
dissoWes,  and  a  solution  results  which  contains  kakodylic  acid,  partly 
free,  and  partly  ih  combination  with  the  oxide  of  kakodyl.  Wli«9i 
this  liquid  is  distilled,  vrater,  having  the  odour  of  alkarsin,  passes  over, 
and  afterwards  an  oily  liquid,  which  is  the  new  compound.  Imp>are 
kakodylic  acid  remains  in  the  retort. 

Parakakodylic  oxide,  purified  by  rectification  from  caustic  baryta,  is 
a  colourless,  oily  liquid,  strongly  resembling  alkarsin  itself  in  odour, 
relations  to  solvents,  and  in  the  greater  number  of  its  reactions.  It, 
however,  neither  fumes  in  the  air,  nor  takes  fire  at  common  tempera- 
tures :  its  vapour  mixed  with  air,  and  heated  to  190°  (87°*8C),  ex- 
plodes with  violence.  By  analysis  it  is  found  to  have  exactly  the  same 
composition  as  ordinary  oxide  of  kakodyl. 


PROPYL  SERIES. 
PBOPYLIG    ALCOHOL. 


In  the  manufacture  of  spirits  from  saccharine  liquids  derived  from 
the  vegetable  kingdom,  ethyl-alcohol,  the  principal  product  of  the 
fermentation,  is  always  accompanied  by  certain  acrid  volatile  oik, 
generally  called  fusel-oils,  which  are  very  di£5cult  to  separate.  These 
oils  consist  of  various  substances,  but  almost  invariably  contain  com- 
pounds which  are  analogous  to  methylic  and  ethylic  alcohols. 

The  fhsel-oil  of  the  marc'brandy  of  the  south  of  France,  aooording 
to  the  researches  of  M.  Chancel,  contains  several  alcohols,  which  boil 
at  different  temperatures,  and  may  be  separated  by  distillation.     By 
repeatedly  rectirpng  the  first  products  obtained  in  the  distillaticRi  of 
this  fusel-oil,  a  substance  is  at  last  procured,  which  boils  at  204°*6 
(96°C),  and  the  composition  of  whidi  is  represented  by  the  formula 
CeHg02  =  CgH,0,H0.      AcconJing  to  M.  Friedel,  propylic  alcohol  may 
also  be  obtained  by  the  action  of  sodium  amalgam  upon  acetone  in 
aqueous  solution.    This  substance  stands  to  ethylic  alcohol  in  the  same 
relation  in  which  the  latter  stands  to  methylic  alcohol.      Chancel 
dedguates  this  compound  as  trityl-alcohol,  or  hydrated  oxide  of  trityl. 
We  prefer  the  name  propylic  alcohol,  or  hydrated  oxide  of  propyl. 
Propylic  alcohol  is  very  soluble  in  water,  but  does  not  dissolve  in  that 
liquid  in  all  proportions.     This  substance  possesses  all  the  properties  of 
an  alcohol :  heated  with  ooncentrated  sulphuric  acid,  it  yields  a  con- 
jugate add  analogous  to  sulphovinie  acid,  the  potassa-salt  of  which  has 
the  foiTOula  CaH,0,S0„K0,SO,. 

Propylic  alcohol,  when  submitted   to  the   action  of  dehydratlfig 


FBOPTLIO   ALCOHOL.  513 

^.,.>ag«Dts,  such  as  sulphuric  or  phosphoric  add,  will  probebljr  yield  the 
j^-j  iiydrocarbon,  Cfi^,  analogous  to  oleiiant  gas.  This  hydrocarbon  pro- 
r^  •  pylene  is  known:  it  is  obtained  by  a  variety  of  processes  (see  further 
, .  ~^>oa),  and  especially  from  glycerin,  among  the  deriyatives  of  which  it 
^;^.^will  be  noticed. 

,.^..'  Berthelot  has  observed  that  this  hydrocarbon  propylene,  CsH^ 
^^  dissolves  in  sulphuric  acid,  and  that  the  solution,  when  diluted  with 
.  ^' water  and  distilled,  furnishes  propylic  alcohol. 
^  -  Propionic  acid. — Under  the  influence  of  oxidizing  agents,  propylic 
alcohol  undergoes  a  change  similar  to  that  of  ordinary  alcohol.  It  is 
^  ^  converted  into  an  acid  analogous  to  acetic  acid,  which  is  called  pro- 
..  2 .  pionic  acid.  This  substance,  which  a)ntains  C^H^O^  =  Cfifl^MO, 
^s  is  &  colourless,  transparent  liquid,  of  a  peculiar,  somewhat  pungent 
^'a-  odour,  similar  to  that  of  acetic  acid.  It  boils  at  287°' 6  (142°C). 
•^  Propionic  acid  is  soluble  in  water,  and  is  separated  again  from  this  solu- 
\^i  tion  by  the  addition  of  chloride  of  calcium  or  phosphoric  acid.  With  the 
metallic  oxides  it  forms  crystalline  salts,  which  are  soluble  in  water. 

The  baryta-salt,  BaOjC^H^Os+aq,  is  very  soluble  in  water,  tolera- 
bly soluble  in  spirits  of  wine,  and  nearly  insoluble  in  absolute  alcohol. 
Submitted  to  dj^^  distillation  it  yields  propione  (Morley).     The  occur- 
rence of  this  substance  among  the  products  of  the  dry  distillation  of 
the  acetates  has  been  already  noticed,  p.  49U.     Propione  treated  with 
oxidizing  agents  is  reconverted  into  propionic  acid.     This  acid  is  also 
v^    formed  by  the  action  of  hydi'ate  of  potassa,  in  a  melted  state,  upon 
sugar,  and  is  found  among  the  products  of  fermentation  of  glycerin. 
^       The  formation  of  propionic  acid  by  the  action  of  potassa  upon  cyanide 
>     of  ethyl  has  been  already  mentioned,  p.  457.     Recently  Mr.  Wanklyn 
.<      has  observed  that  potassium-ethyl  (see  page  475)  absorbs  carbonic  acid 
with  formation  of  propionate  of  potassa,  KCfi^-\-2C02  =  KO,CJlfi^ 
rn      (see  pi^  501). 


APPENDIX  TO  THE   PROPYL  SERIES. 

i^LLYL  SERIES.  — In  the  preceding  paragraphs,  the  hydrocarbon  pro- 
pylene, C^^  has  been  repeatedly  mentioned.  This  hydrocarbon  was 
originally  observed  by  Captain  Keynolds,  who  produced  it,  together 
with  other  hydrocarbons,  by  the  destructive  distillation  of,  fusel-oil. 
Reynolds  prepared  several  of  the  derivatives  of  this  compound,  especially 
the  products  Cfifil^C^fir^  and  Cfifi\  and  CgH^Br.  He  pointed 
out  the  close  relation  of  these  latter  compounds  with  the  essential  oils 
of  garlic  and  mustard,  that  they  might  be  considered  as  chloride  and 
bromide  of  allyl,  C^^,  the  radical  generally  assumed  in  these  oils,  and 
that  the  action  of  these  substances  upon  sulphide  and  sulphocyanide  of 
potassium  would  probably  lead  to  the  artificial  production  of  garlic-oil 
and  mustard-oil.  The  difficulty  of  procuring  the  chlorine-  and  bro- 
mine-compounds by  this  method  in  sufficient  quantity  and  purity,  pre- 
vented Reynolds  from  establishing  by  experiment  the  relation  which  he 
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had  pointed  out.  A  new  sonrce  of  propjleae  compounds  has  asoe 
been  opened  by  MM.  Berthelot  and  De  Luca,  who  have  foimd  that  ikt 
action  of  iodide  of  phosphorus  upon  glycerin  (see  page  517)  gires  rise 
to  the  formation  of  an  oily  body,  which  is  the  iodide  CgH^I,  oorre 
spending  to  the  chloride  and  bromide  above  mentioned.  The  best  pr> 
portions  for  producing  this  compound  are,  200  parts  of  iodide  of  fiu»- 
phorus  and  57  parts  of  glycerin.  By  submitting  this  iodide  to  the 
action  of  sulpbocyanide  of  potassium,  MM.  Berthelot  and  De  Luca  bare 
actually  produced  oil  of  mustard  with  all  its  properties.  Treated  with 
bromine,  iodide  of  allyl  is  converted  into  a  bromide  of  the  formula 
C^H.Br,.  By  treating  tribromide  of  allyl  with  cyanide  of  potaaoiDin, 
Mr.  Maxwell  Simpson  has  obtained  the  corresponding  cyanide  C^H^Cyy 
which,  when  heated  with  an  alcoholic  solution  of  potaissa,  gives  rise  to 
the  formation  of  a  tribasic  add  of  the  formula^  C,^50,,3HO,  which  has 
not  yet  been  named,  C^H^Cy,  +  3K0,H0  +  6H0  =  C,^40^3KO  + 
3NH,. 

The  dose  analogy  of  oil  of  garlic  and  oil  of  mustard,  sulphide,  and 
sulpbocyanide  of  idlyl  with  sulphide  and  sulpbocyanide  of  ethyl,  ren- 
dered it  probable  that  these  two  substances  might  be  derived  m>m  an 
alcohol  analogous  to  common  alcohol.  This  alcohol  has  been  latdjr 
discovered. 

Allylic  alcohol. — ^Iodide  of  allyl  (iodide  of  propylene,  the  iodine- 
compound  obtained  from  glycerin),  dissolved  in  dry  ether,  and  siib> 
mittied  to  the  action  of  oxalate  of  silver,  furnishes,  to^^ether  with  iodide 
of  silver,  an  oily  liquid  boiling  at  404°'6  (207°C). 

2A|0,C,0,     +      2CAI    =       ^Agl^      +      2CgH,0,C^0y 

OxiUate  of  Iodide  of  Iodide  of  Oxalate  of 

silver.  allyl.  silver.  allyl. 

Oxalate  of  allyl,  when  treated  with  dry  ammonia,  suffers  exactly  the 
same  decomposition  as  oxalate  of  ethyl  (page  460),  being  converted 
into  oxamide,  with  separation  of  allylic  alcohd. 

2C«H,0,CA      +     2NH,    =    C^NA     +    2{CAPM0,) 

Oxalate  of  allyl.  Oxamide.  Allylic  alcohol. 

Allylic  alcohol  is  a  colourless,  veiy  mobile  liquid,  soluble  in  water 
in  all  pro^rtions,  which  bolls  at  21 7^*4  (103^0).  It  has  a  slightly 
acrid  odour,  resembling  mustard.  It  dissolves  potassium  with  evolu- 
tion of  hydrogen,  being  converted  into  a  gelatinous  mass,  which  ii 
violently  attacked  by  iodide  of  allyl,  iodide  of  potassium  and  allylic 
ether  being  produced. 

KO.CeH.0     +     CeHJ     =     KI     +     2C^,0. 

By  distilling  allyl-alcohol  with  chloride,  bromide,  and  iodide  of  phos- 
phorus, the  hydrochloric,  hydrobromic,  and  hydriodic  ethers  of  the  series 
are  readily  obtained.  Allylic  alcohol  dissolves  in  concentrated  sul- 
phuric acid,  producing  a  conjugated  acid  similar  to  Bulphovinic  add, 
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-which  forms  cr  jstallizable  salts,  represented  by  the  general  fonnula 
CgHjOySO^MO^s.  A  Hylic  alcohol  is  powerfully  attacked  by  oxidiz- 
ing agents.  A  mixtare  of  bichromate  of  potassa  and  sulphuric  acid 
acts  with  extraordinary  violence,  giving  rise  to  the  formation  of  acrolein 
and  acrylic  acid,  the  aldehyde  and  the  acid  of  the  series.  Platinum 
black  produces  the  same  eifects.  The  compound  ethers  of  allylic 
alcohol  may  be  obtained  by  the  processes  which  have  furnished  the 
corresponding  terms  of  the  ethyl-series,  or  frequently  more  conveni- 
ently by  the  action  of  iodide  of  allyl  on  the  silver  salts  of  the  acids. 
The  acetate,  benzoate,  butyrate,  and  cyanate  have  been  thus  obtained. 

The  radical  of  this  series,  CgHg,  which  is  an  oily  substance,  boiling 
at  a  high  temperature,  has  been  also  isolated.  It  is  obtained  by  the 
action  of  sodium  upon  iodide  of  allyl. 

Allylene  Cfi^. — On  ti-eating  allyl-^ilcohol  with  anhydrous  phos- 
phoric add  a  combustible  gas  is  evolved,  which  is  the  olefiant  gas  of 
this  series  or  allylene ;  it  is  most  readily  obtained  by  digesting  mono- 
brominated  propylene  witli  sodium  alcohol. 

CfiHjBr  +  C^H^NaO,  =  CeH,  -h  NaBr  +  C,H,0,. 

Allylene  bums  with  a  smoky  but  very  luminous  flame  ;  with  ammo- 
niacal  chloride  of  copper  it  gives  an  insoluble  precipitate,  which  when 
treated  with  hydrochloric  acid  yields  the  gas  in  a  state  of  perfect 
purity. 

ACBOLEIK  AND  AGRTijc  ACID. — When  a  neutral  fat  is  subjected  to 
destitictive  distillation,  it  furnishes,  as  has  been  already  mentioned, 
among  other  products,  an  excessively  volatile  acrid  substance,  which 
attacks  the  eyes  and  the  mucous  membrane  of  the  nose  most  distress- 
ingly. As  the  neutral  fats  alone  yield  this  body,  and  the  &tty  acids 
never,  it  is  known  to  arise  from  the  elements  of  the  glycerin ;  and 
glycerin  itself  under  certain  circumstances  may  be  made  to  produce 
acrolein  abundantly.  It  is  best  prepared  by  distilling  glycerin  with 
bisnlpbate  of  potassa ;  both  the  preparation  and  purification  are 
attended  with  great  difficulties. 

Pure  acrolein  is  a  thin,  colourless,  highly-volatile  liquid,  lighter  than 
water,  and  boiling  at  126^^  (52^*20).  Its  vapour  is  irritating  beyond 
deacriptioQ.  It  is  sparingly  soluble  in  water,  freely  in  alcohol  and 
ether.     According  to  M.  Hedtenbacher  it  contains  Cfifl^. 

Acrolein,  by  keeping,  undergoes  partial  decomposition,  yielding  a 
white,  flocculent,  indifferent  body,  diaacryle :  the  same  substance  is 
sometimes  produced  together  with  acrylic  add  by  exposure  to  the  air. 
In  contact  with  alkalis,  acrolein  suffen  violent  decomposition,  pro- 
ducing, like  aldehyde,  a  resinous  body.  When  exposed  for  some  time 
in  Uie  air,  or  when  mixed  with  oxide  of  silver,  acrolein  oxidizes  with 
avidity,  and  passes  into  acrylic  acid,  which  resembles  in  very  many 
particulars  acetic  and  propionic  acids  :  it  contains  CoHgOyHO. 

Acrolein,  allylic  alcohol,  and  acrylic  acid  stand  to  each  other  in  the 
same  relation  which  obtains  between  etbylic  alcohol,  aldehyde,  and 
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acetic  acid.      The  analogy  of  the  ethyl-  and  allyl-aeries   beoomei 
obvioos  by  the  following  synopsis : — 

Alcohol.         .     C^H.O,  Allylic  alcohol     Cfifi^ 

Aldehyde    .        C^H^O,,  Acrolein      .         CeH^O^ 

Acetic  acid     .     C^H^O^  Acrylic  acid    .     CeH^O^. 

The  following  table  represents  the  principal  allyl-compounds  : — 

AUyl CeH, 

AUyUc  alcohol         ....  CeH30,H0 

AllyHc  ether CeHACeHsO 

Ethyl-allylic  ether   ....  C^Ufifififi 

Chloride  of  aUyl  ....  CeH^Cl 

Bromide  of  allyl      ....  CfiHjBr 

•  •  •  .  \^^ii.^ 


C*H,S 


Iodide  of  allyl     .... 

Sulphide  of  allyl  (garlic  oil) 

Hydrosalphate  of  solphide  of  allyl  (allyh     n  h  S  HS 
meixaptan)  .         .         j       «   s  » 


e"5». 


Salphocyanide  of  allyl  (mustard  oil) 

Carbonate  of  allyl 

Acetate  of  allyl 

Oxalate  of  allyl  . 

Sulphaliylic  add 

Propylene 

Allylen  .... 

Acrolein,  acrylic  aldehyde 

Acrylic  acid  .... 


C,H,S,C,NS 

CfifiyGOt 
CeH»0,C4H,0, 

2C,H,0,C,0, 

C«H,0,SO„HO^O, 

CeHe 

C,H,0, 
CeH,O^HO 


Propylene-aloohol  or  propyl-glycol. — By  submitting  bnn 
mide  of  propylene,  CeH^Br,,  to  the  succession  of  processes  which 
have  been  mentioned  under  the  head  of  ethyleue-alcohol,  M.  Wurtz 
has  obtained  the  biatomic  alcohol,  CeH804.  It  is  a  liquid  boiling  at 
370^  (188°C),  which  by  slow  oxidation  is  converted  into  lactic  add 
CJELfi^  (see  page  451),  corresponding  to  the  glycolic  add  of  the 
ethylene-series. 

+     2(AgO,C4H30a)    =    CeHeO„2C,H80,  +  2AgBr. 


CgHeBr, 

Bromide  of 
propylene. 


Acetate  of  silver. 


Acetate  of  propyl- 
glycol. 


C^Efij,2CJifi^   +   2KO,no   =   CeH«02,2HO  -f-  2(K0,CA0,) 

Acetate  of  propyl-  Propyl-  Acetate  of 

glycol.  glycol.  potasaa. 
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C^eOy2HO     4-     40     =     CgHeO,     +     2H0 

Propyl-glycol.       •  Lactic  acid. 

Propyl-glycol  when  heated  in  the  water-bath  with  concentrated 
hydriodic  acid  is  reduced  to  iodide  of  propyl. 

CeHgO^  +  SHI  =  CeH,I+2I  -f-  4H0. 

Ethyl-glycol,  when  submitted  to  the  same  treatment,  yields  iodide  of 
ethylene. 

C,H,0,  +  2HI  =  C,H,T,  +  4H0. 

Glycebin. — ^In  the  paragraph  on  the  allyl-series  an  oily  bromine 
oomponndy  C^HgBr,,  has  been  mentioned,  whidi  is  formed  by  the  action 
of  bromine  upon  iodide  of  allyl.  This  substance,  tribromide  of  ally), 
when  submitted  to  the  action  of  acetate  of  silver  furnishes  a  new 
acetate. 

C^H^Br,  +  3(AgO,C^H,03)   =  Cfifi^+SCfi£,  +  3AgBr. 

Tribromide  New  acetate. 

ofallyL 
The  acetate  boiled  with  potasaa  furnishes  glycerin,  a  body  of  alcohol- 
like  deportment,  widely  diffused  in  nature,  whose  various  compound 
ethers  constitute  the  extensive  group  of  fatty  bodies. 

CtBfl„SCflfi^  +   3(K0,H0)    =   CeH^^^O  +  3(K0,C,H,0,\ 

Acetate.  Glycerin.  Acetate  of 

potassa. 

Glycerin,  which  will  be  more  fully  described  in  connection  with  the 
fatty  bodies,  yields,  when  submitted  to  the  action  of  nitric  add,  a  pe- 
culiar add,  glycerio-acid,  C^HgOg.  When  heated  with  a  very  concen- 
trated solution  of  hydiiodic  acid,  glycerin  yields  iodide  of  propyl. 

CeHeOj  +  5HI  =  C,H,I  H-  41  +  6H0. 

Glycerin  is  the  type  of  a  triatomic  alcohol.  It  is  extremely  pro- 
bable that  corresponding  alcohols,  CsHOySHO,  and  C^HsO^SHO,  will 
be  discovered  in  the  methyl-  and  ethyl-series.  Chloroform,  CjHCl),  bro- 
moform,  C^Br,,  and  iodoform,  CjUIj,  may,  in  fact,  be  viewed  as  the 
hydrochloric,  hydrobromic,  and  hydriodic  ethers  of  methyl-glycerin. 
Indeed,  quite  recently,  M.  Bauer  has  obtained  amyl-glycerin  Cj0H«O„ 
3H0,  which  is  still  under  investigation. 

The  propyl-series  is  remarkable  for  its  numerous  representatives  of 
the  type  alcohol. 

Propylic  alcohol,    Cfifl^         =     CeH,0,HO  (Monatomic). 
Propylene  alcohol,  C^HjO^         =     C,H,0a,2H0  (Biatomic). 
Glycerin  alcohol,    CgHgOe         =      Cfifis,SRO  (Triatomic). 
AUylic  alcohol        C^HaO,         =     CeHaO.HO  (Secondary  monatomic 

alcohol). 
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BUTYLic  ALOOHOL.— This  substanoe  has  been  foand  by  M.  Wurtz 
to  be  present  in  the  fusel-oil  obtained  by  fermenting  the  mohmes  of 
beet-root  sugar.  In  order  to  obtain  it,  the  potato-oil  is  submitted 
to  fractional  distillation,  and  the  liquid  boiling  betvreen  226^  and  244° 
(108°  and  118°C),  repeatedly  rectified  over  hydrate  of  potaasa, 
until  the  boiling-point  becomes  constant  at  228°''-2  (109°C).  Pare 
butylic  alcohol  is  a  colourless  liquid,  of  a  powerful  odour,  lighter 
than  water,  in  which  it  dissolves  to  a  certain  eitent.  Its  fbnnnla 
is  CgHioO,  £  C8H,0,H0,  i,  e.,  hydrated  oxide  of  butyl.  With  sulphorfe 
acid  it  furnishes  a  conjugate  acid,  analogous  to  sulphorinic  add,  the 
potassa  salt  of  which  contains  CgHgOySO^KOySO,. 

Butylic  alcohol  has  been  lately  minutely  examined  by  M.  Wurtat, 
who  has  prepared  the  ether  of  this  series,  Cfifi;  the  hydrocarbon 
butylene,  CgHg,  an  exti'emely  volatile  liquid,  which  had  been  previously 
observed  as  a  very  general  product  of  the  action  of  heat  upon  oi^ganic 
bodies;  chhride of  butyl,  CgH^Cl,  an  ethereal  liquid  of  pungent  odour, 
boiling  at  168°  C70°C);  bromide  of  hstyl,  CgH,Br,  boiling  at  192°- 2 
(89O0)  ;  and  iodide  of  butyl,  Qfi^L,  boiling  at  250°  (12lo-lC).  If 
iodide  of  butyl  bo  submitted  to  the  action  of  potassium,  several  com- 
pounds are  generated ;  the  principal  product  of  which  is  butyl,  the 
radical  of  the  series.  Butyl,  C^H,,  which  is  also  produced  by  the 
electrolysis  of  valeric  acid  (see  p.  524),  is  a  colourless,  transparent 
liquid,  lighter  than  water,  boiling  at  221°  (105°C).  When  fused  with 
potassa,  or  submitted  to  the  aotion  of  othei*  oxidising  agents,  butylic 
alcohol  is  converted  into  butyric  acid,  GgH^O^  =  CgH,0^4iO,  whJch 
has  been  noticed  already  in  page  452,  and  which  will  be  mentioned 
again  in  the  section  ou  Oils  and  Fats. 

Butyric  acid,  when  pure,  is  a  thin,  colourless  liquid,  of  pungent 
rancid  odour  and  sour  taste.  It  is  miscible  in  all  proportions  with 
water  and  alcohol.  Its  density  is  0  *  963,  and  it  boils  and  distils  un- 
changed at  327° -2  (164''C).  It  is  attacked  by  chlorine,  with  prx>dtic- 
tion  of  oxalic  acid  and  of  a  chlorinetted  compound. 

Butyric  acid  has  acquired  a  certain  degree  of  importance  from  the 
curious  discovery  of  MM.  Pelouze  and  Gelis,  that  sugar,  under  parti- 
cular circumstances,  is  susceptible  of  becoming  converted  into  that  sab- 
stance.  A  tolerably  strong  solution  of  common  sugar  mixed  with  a 
small  quantity  of  casein  and  some  chalk,  and  exposed  for  some  time  to 
a  temperature  of  95°  (35°C),  yields,  by  a  species  of  fennentatlan,  in 
which  the  casein  is  the  active  ferment,  a  large  amount  of  butyrate  of 
lime ;  carbonic  acid  and  hydrogen  gases  are  evolved  during  the  whole 
period.     This  change  may  be  thus  expressed — 

Ca^H^aO^a   =  4H0  +  8H  +  SCX)^  +  ^C^fi^) 

Grape-sugar.  Butyric  acid. 
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The  mixture  proposed  for  the  prepaxation  of  lactic  add  answers  well 
(see  page  451):  lactate  of  lime  is  first  formed  in  large  quantity,  and 
afterwards  gradaalljr  dissolved  and  converted  into  butyrate,  which 
may  be  decomposed  by  sulphuric  acid  and  distilled.  The  action  of 
chlorine  upon  butyric  add  gives  rise  to  mono-  and  dichloro-butyric 
acid.  Monochloro-butyric  acid  when  treated  with  ammonia  yields  the 
body  CbH^NO^  corresponding  to  glycoool.  Butyric  ether,  AeO,CjH,0,, 
is  a  liquid  of  a  fragrant  pine-apple  odour.  It  is  sometimes  used  in 
confectionery.  A  fniiylene-alcohol  or  butyl-glycol,  Cfi^ft^  =  CgH^O,+ 
2H0,  has  likewise  been  obtained. 


AMYL  SERIES. 

In  the  manufacture  of  potato-brandy  the  crude  spirit  is  found  to  be 
contaminated  with  an  acrid  fusel-oilt  which  is  extremely  difBcult  to 
separate  in  a  complete  manner.  Towaitls  the  end  of  the  distillation,  it 
passes  over  in  considerable  quantity :  it  may  be  collected  apart,  agitated 
with  several  successive  portions  of  water  to  withdraw  the  spirit  with 
which  it  is  mixed,  and  redistilled.  According  to  the  researches  of 
M.  Oahours,  this  substance  exhibits  properties  indicative  of  a  constitu- 
tion analogous  to  that  of  alcohol :  it  may  be  considered  as  the  hydrate 
of  the  oxide  of  the  hydrocarbon,  called  (onyly  containing  CjoHj}.  The 
ether  of  potato-oil,  and  a  variety  of  other  compounds,  corresponding  in 
every  point  to  those  of  ordinary  alcohol,  have  been  formed,  as  will  be 
manifest  from  an  inspection  of  the  following  table : — 


Amyl  (symbol  Ayl) 

.     Ci^Hji 

Amyl-ether 

CioH,jO,C,^„0 

Hydride  of  amyl 

CioHiiH 

Potato-oil 

CioH„0,HO 

Chloride  of  amyl 

•     CjoHuCl 

Bromide  of  amyl 

CiftHuBr 

Iodide  of  amyl 

.     C,jH„I 

Zino-amyl 

CjoHijZn 

Acetate  of  amyl 

.     C,,H„OC,HA 

Sulphamylic  acid 

CioHuO,2SO„HO 

Amylene 

•     CioH,<> 

AnhydroQs  valeric  add 

c,^.o. 

Valeric  add 

.     C„H,0,aiO. 

Htdrated  oxide  of  amyl  ;  FUSEL-OIL ;  AyIO,HO. — ^The  crude 
fosel-oil  of  potato-brandy  is  washed  with  water,  and  distilled  in  a 
retort  fumkhed  with  a  thermometer,  the  bulb  of  which  dips  into  the 
liquid.     The  portion  which  distils  between  260°  (126° '60)  and  280° 
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(187°*  8C)  iff  collected  apart  and  redistilled  in  the  same  manner,  until 
an  oil  is  obtained,  having  a  fixed  boiling-point  at  268^ — 26^ 
(131°1C— 131°-7C).  Thus  parified,  it  is  a  thin  fluid  oil,  exbaliag 
a  powerful  and  peculiarly  suffocating  o<iour,  and  leaving  a  bominf 
taste ;  it  inflames  with  some  difficulty,  and  then  bnms  with  a  pmc 
blue  flame.  Its  density  is  0*818.  It  undergoes  little  change  by  ooo- 
tact  with  air  under  ordinary  circumstances;  but  when  Warmed,  and 
dropped  upon  platinum-bladc,  it  oxidizes  to  fxxleric  acid,  which  bean 
the  same  relation  to  this  substance  that  acetic  acid  does  to  oidinary 
alcohol,  or  formic  acid  to  methyl -alcohol. 

The  action  of  heat  upon  fusel-oil  has  been  studied  by  Captain 
Reynolds.  The  vapour  of  this  alcohol,  when  passed  through  a  red-hot 
gloss  tube,  yields  a  mixture  of  gases,  among  which  a  caibo-hydn^en 
C^Hq  predominates,  which  has  the  chemical  character  of  olefiant  gas, 
and  to  which  the  name  propylene  has  been  given  (see  page  513).  The 
separation  of  this  gaseous  mixture  has  hitherto  failed,  but  on  bringing 
the  gas  in  contact  with  chlorine  a  compound  C^Cl,  is  formed.  This 
is  a  heavy  liquid  boiling  at  217° -4  (103''C).  It  is  in  every  respect 
analogous  to  the  Dutch-liqnid  (see  page  468),  originating  under  sinUlar 
circumstances  from  oleiiant  gas. 

Amyl-ether,  AylO. — If  amyl-alcohol  is  distilled  with  oonceo- 
ti-ated  sulphuric  acid,  a  mixture  of  several  substances  is  obtained,  which 
has  to  be  separated  by  distillation.  After  several  rectifications,  an  oil 
is  obtained,  which  has  a  sp.  gr.  0-779  and  boils  at  348° '8  (176°C). 
This  is  amyl-ether.  The  composition  is  CjoHjiO,  or,  if  we  adopt  the 
double  formula?  for  the  ethers,  C^H^O,.  Intermediate  ethers  between 
amyl-  and  ethyl-,  and  likewise  between  amyl-  and  methyl-ether,  hare 
been  prepared.  Thev  contain  respectively  Cj^HjjOjrsC^HjO,  C|^j,0 
and  C„Hj40,=C,H,0.  C,,H„0. 

Chloride  of  amyl,  Ayl  CI. — ^The  chloiide  is  procured  by  sub- 
jecting to  distillation  equal  weights  of  potato  oil  and  pentachloride  of 
phosphorus,  washing  the  product  repeatedly  with  alkaline  water,  and 
rectifying  it  from  chloride  of  calcium.  Less  pura  it  may  be  obtained  by 
saturating  fusel-oil  with  hydrochloric  acid.  It  is  a  colourless  liquid,  a£ 
agreeable  aromatic  odour,  insoluble  in  water,  and  neutral  to  test-paper: 
it  boils  at  215°  (101°' 7C),  and  iguites  readily,  burning  with  a  fl^e 
green  at  the  edges.  By  the  Iong*«ontinued  action  of  chlorine,  aided  by 
powerful  sunshine,  a  new  product,  chlorinetted  chloride  of  amylj  has 
been  obtained  in  tilie  form  of  a  volatile  colourless  liquid,  smelling  like 
camphor,  and  containing  CjoHjCl^ :  the  whole  of  the  hydrogen  has  not 
yet,  however,  been  removed. 

BROUfDE  of  amyl,  Ayl  Br,  is  a  volatile,  colourless  liquid,  heavier 
than  water.  It  is  obtained  by  distilling  fusel-oil,  bromine,  and  phos- 
phorus together.  (See  bromide  of  ethyl,  page  457.)  Its  odour  is  pene- 
trating and  alliaceous.  The  bromide  is  decomposed  by  an  alocjiolic 
solution  of  potassa,  with  reproduction  of  the  alcohol  and  formation  of 
bromide  of  the  metal. 
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Iodide  of  amtl,  AjI  I,  is  procared  by  distilling  a  mixture  of  15 
parts  of  potato-oil,  8  of  iodine,  and  1  of  phosphorus.  It  is  coloarless 
when  pure,  heavier  than  water,  volatile  without  decomposition  at 
294°' 8  (146°C),  and  resembles  in  other  respects  the  bromide:  it  is 
partly  decomposed  by  exposure  to  light.  Iodide  of  amyl,  when  heated 
in  sealed  tubes  with  zinc  to  374^  (190*^0),  yields  amyl,  a  colourless 
liquid  of  an  ethereal  odour  containing  Ci^H^,  and  boiling  at  311° 
(155^0).  Together  with  this  substauce  there  is  formed  iodide  of  zinc 
and  zinc-amyl,  C|oH|iZn,  which,  when  coming  in  contact  with  water, 
is  decomposed  into  oxide  of  zinc  and  hydride  of  amyl,  C,oH|| =C4oHiiH, 
an  exceedingly  volatile  substance,  boiling  at  86^  (30^C).  The  same 
substance  has  lately  been  found  among  tiie  products  of  the  destructive 
distillation  of  Boghead  cannel  (Greville  Williams)  and  of  other  varieties 
of  cannel  coal  (C.  Schorlemmer). 

Cyanide  op  amyl,  Ayl  Cy. — Colourless  liquid  of  0*806  sp.  gr., 
and  boiling  at  294° '8  (146°C),  which  is  obtained  by  distilling  cyanide 
of  potassium  with  sulpbamylate  of  potassa.  Boiled  with  potassa,  this 
compound  undergoes  a  decomposition  analogous  to  that  of  cyanide  of 
ethyl  and  methyl  (see  p£^es  458  and  501 ) :  it  absorbs  4  eq.  of  water, 
and  furnishes  ammonia  and  the  potassa  salt  of  caproic  acid,  CjjHjjO^, 
one  of  the  constituents  of  butter,  C„HjiN+4HO=C,8H,j,04+NH,. 

Acetate  op  oxide  op  amyl,  AylO,  C^HjO,.— This  interesting 
product  is  easily  obtained  by  submitting  to  distillation  a  mixture  of  1 
part  of  potato-oil,  2  parts  of  acetate  of  potassa,  and  1  pai*t  of  concen- 
trated sulphuric  acid :  it  is  purified  by  washing  with  dilute  alkali,  and 
distiUation  from  chloride  of  calcium.  It  presents  the  appearance  of  a 
colom-less,  limpid  liquid,  which  is  insoluble  in  water,  soluble  in  alcohol, 
boils  at  272°  (133°*  3C),  and  becomes  converted  by  an  alcoholic  solu- 
tion of  potassa  into  an  acetate  of  that  base,  with  reproduction  of  fiisel- 
oil.  This  ether  possesses  in  a  remarkable  manner  the  odour  of  the 
Jai^nelle  pear.  It  is  now  manufactured  upon  a  large  scale  for  flavour- 
ing liquors  and  confectionery. 

Carbonate  of  oxide  of  amyl,  AylO,COj. — Dr.  Medlock  has 
obtained  this  ether  by  saturating  fusel-oil  with  phosgene-gas  (chloro- 
carbonic  acid).  A  compound,  AylO,C2C103,  analogous  to  chloro- 
carbonic  ether,  is  first  produced,  which,  when  treated  with  water,  yields 
hydrochloric  and  carbouic  acids,  together  with  carbonate  of  amyl 
(AylO,CjC10,+HO=AylO,CO,+HClH-CO,).  Carbonate  of  amyl  is 
a  colourless  liquid  of  an  aromatic  odour,  boiling  at  438°*  8  (226°C). 
Alcoholic  solution  of  potassa  converts  this  ether  into  fusel-oil,  carbonate 
of  potassa  being  formed  at  the  same  time.  • 

Sulphide  of  amylj  amyl-mercapian,  and  numerous  other  compounds 
of  like  nature  have  been  described. 

SOLPlf  amylic  acid. — When  equal  weights  of  potato-oil  and  strong 
sulphuric  acid  are  mixed,  heat  is  evolved,  accompanied  by  blackening 
and  partial  decomposition.  The  mixture  diluted  with  water,  and 
saturated  with  carbonate  of  baryta,  affords  sulphate  of  that  base,  and 
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a  soluble  salt  corresponding  to  the  eulphovinate.  The  latter  may  be 
obtained  in  a  crystalline  state  by  gentle  evaporation,  and  purified  ij 
re-solution  and  the  use  of  animal  charcoal.  It  forms  small,  brilliact» 
pearly  plates,  very  soluble  in  water  and  alcohol,  oontaining  BaO, 
C\oH„0,2SO,+HO.  The  baryta  may  be  precipitated  fix>m  the  salt 
by  dilute  sulphuric  acid,  and  the  hydrated  sulphamylic  add  ooDoentratfd 
by  spontaneous  evaporation  to  a  syrupy,  or  even  crystalline  state :  it 
has  an  acid  and  bitter  taste,  strongly  reddens  litmus-poper,  and  is  deo 
composed  by  ebullition  into  potato-oil  and  sulphuric  acid.  The  potaoa- 
salt  forms  groups  of  small  radiated  needles,  very  soluble  in  water. 
The  sulphamylates  of  lime  and  protoxide  of  lead  are  also  soluble  and 
aystallizable. 

Ahylene. — By  the  distillation  of  potato-oil  with  anhydrous  phos^ 
phoric  acid,  a  volatile,  colourless,  oily  liquid  is  procured,  quite  dlfierent 
in  properties  from  the  original  substance.  It  is  lighter  than  water, 
boik  at  102°'  2  (39^),  and  contains  no  oxygen.  Its  composition  is  re- 
presented by  the  formula  C]oH,o ;  consequently  it  not  only  correspond« 
to  defiant  gas  in  the  alcohol  series,  but  is  isomeric  with  that  subatance. 
Like  defiant  gas  it  combines  directly  with  chlorine  and  bromine,  giTing 
rise  to  compounds  Cj^HioCl^  and  CjoIIjoBr,.  The  vapour,  however,  has 
a  density  of  2  *  68,  which  is  nearly  2^  tim»  that  of  olefiant  gas,  every 
measure  containing  5  measures  of  hydrogen. 

By  processes  perfectly  similar  to  those  which  have  been  mentioned 
under  the  head  of  ethylene-alcobol  (see  page  492),  amylene  has  been 
converted  into  a  diatomic  alcohol,  into  amylene-cUoohol  or  amyl-gly&>i 
CioH„0^ =C|»H„0,-1-  2H0. 

Amylene  has  been  successfully  employed  as  an  anaesthetic  agent. 
Together  with  this  substance  several  other  hydrocarbons  are  formed, 
especially  one  to  which  the  name  paramylene  has  been  given.  It  con- 
tains C^fi^,  and  boils  at  320°  (160°C). 

Valeric  or  valerianic  acid. — M.  Dumas  has  shown  that  when 
a  mixture  of  equal  ports  quicklime  and  hydrate  of  potassa  is  moisteacd 
with  alcohol,  and  the  whole  subjected  to  a  gentle  heat,  out  of  contact 
of  air,  the  alcohol  is  oxidized  to  acetic  add,  with  evolution  of  pure 
hydrogeu  gas.  At  a  higher  temperature  the  acetate  of  potassa  produced 
is  in  turn  decomposed,  yielding  carbonate  of  potassa  and  light  carbcm- 
etted  hydrogen.  Wood-spirit,  by  similar  treatment,  yields  hydrogen 
and  formate  of  potassa,  which,  as  the  heat  increases,  braomes  converted 
into  carbonate,  with  continued  disengagement  of  hydrogen.  In  like 
manner  potato-oil,  amyllc  alcohol,  suffers,  under  similar  dream- 
stances,  conversion  into  a  new  add,  bearing  to  it  the  same  relation  that 
acetic  add  does  to  common  alcohol  and  formic  odd  to  wood-«pirit, 
hydrogen  being  at  the  same  time  evolved.  The  body  thus  produoed  is 
found  to  be  identical  with  a  volatile  oily  acid  distilled  from  the  root  of 
the  Valeriana  officinalis. 

In  preparing  artificial  valeric  acid,  the  potato-oil  is  heated  in  a 
flask  with  about  ten  times  its  weight  of  the  above-mentioned  alkaline 
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mixture  during  the  space  of  10  or  12  hours :  the  heat  b  applied  bj  a 
bath  of  oil  or  fusible  metal  raised  to  the  temperature  of  390°  (198°- 8C) 
or  400°  (2040-40).  When  cold,  the  nearly  white  solid  residue  is 
mixed  with  water,  an  excess  of  sulphuric  acid  added,  and  the 
whole  subjected  to  distillation.  The  distilled  liquid  is  supersatu* 
rated  with  potassa,  evaporated  nearly  to  dryness,  to  dissipate  any 
undecompos^  potato-oil,  and  then  mixed  with  somewhat  diluted  sul- 
phuric acid  in  excess.  The  greater  part  of  the  valeric  acid  then 
separates  as  an  oily  liquid,  lighter  than  water :  this  is  a  terhydrate  of 
the  acid,  containing  three  equivalents  of  water,  one  of  which  is  basic. 
When  this  hydrate  is  distilled  alone,  it  undergoes  decomposition: 
^eter,  witii  a  little  of  the  acid,  first  appears,  and  eventually  the  pore 
add,  in  the  foim  of  a  thin,  fluid,  colourless  oil,  of  the  persistent  and 
characteristic  odour  of  valerian-root.  It  has  a  sharp  and  acid  taste, 
reddens  litmus  strongly,  bleaches  the  tongue,  and  bums,  when  inflamed, 
with  a  bright,  yet  smoky  light.  Valeric  acid  has  a  density  of  0  *  937 : 
it  boils  at  347°  (175°C).  Placed  in  contact  with  water,  it  absorbs  a 
certain  quantity,  and  is  itself  to  a  certain  extent  soluble.  The  salts 
of  this  acid  present  but  little  interest:  several  of  them  are  sus- 
ceptible of  crystallizing.  The  liquid  acid  Is  found  by  analysis  to  con- 
tain Ci»H,0„HO,  and  the  silver  salt^  AgO,C,oH,08.  The  ether  of 
valeric  acid,  AeO,C,oH,03,  is  obtained  by  passing  hydrochloric  acid 
into  an  alcoholic  solution  of  valeric  acid.  By  ti^eatment  with  ammonia 
this  ether  is  converted  into  valeramide,  C^^li^^^02=CioUfi^K}i^ 
(analogous  to  acetamide),  which  under  the  influence  of  anhydrous  phos- 
phoric acid,  loses  2  moreeq.  of  water,  becoming  valeronitrile,  CjoH^N  = 
CgH^CjN,  or  cyanide  of  butyl.  The  former  U  a  fusible  ciystalline 
substance,  the  latter  a  volatile  liquid,  having  a  boiling-point  of 
2570  (125°C).  It  was  first  obtained  by  the  action  of  oxidizing  agents 
apon  gelatine.    (See  Animal  Chemistry.) 

A  more  advantageous  mode  of  preparing  valeric  acid  is  the  follow- 
ing : — 4  parts  of  bichromate  of  potassa  in  powder,  6  parts  of  oil  of 
vitriol,  and  8  parts  of  water  are  mixed  in  a  capacious  retort :  1  part  of 
pmre  potato-oil  is  then  added  by  small  portions,  with  strong  agitation, 
the  retort  being  plunged  into  cold  water  to  moderate  the  violence  of 
the  reaction.  When  the  change  appeare  complete,  the deep-gieen  liquid 
is  distilled  nearly  to  dryness,  the  product  mixed  with  excess  of  caustic 
potassa,  and  the  aqueous  solution  separated  mechanically  from  a  pun- 
gent, colourless,  oily  liquid  which  floats  upon  it,  and  which  is  valerate 
of  amyl.  The  alkaline  solution  is  then  evaporated  to  a  small  bulk 
and  decomposed  by  sulphuric  acid,  as  already  directed. 

If  an  open  jar  be  set  in  a  plate  containing  a  little  water,  and  having 
beneath  it  a  capsule  with  heated  platinum-black,  upon  which  potato- 
oil  is  slowly  dropped  in  such  quantity  as  to  be  absorbed  by  the 
powder,  the  aides  of  the  jar  become  speedily  moistened  with  an  acid 
liquid,  which  collects  in  the  plate,  and  may  be  easily  examined. 
This  Uquid,  saturated  with  baryta-water,  evaporated  to  dryness,  and 


624  AMTLIO  ALCOHOL 

the  product  distilled  with  fiolutlon  of  phosphoric  add,  yields  ralexv 
add. 

Valeric  add  is  found  in  angelica  rootf  in  the  berries  of  Vtbmvmi 
cpuluSf  and  probably  exists  in  many  other  plants :  it  is  generated  by 
the  spontaneous  decomposition  of  azotized  substances,  animal  and 
T^etable,  and  is  produced  in  many  chemical  reactions  in  which  oxi' 
dizing  agents  are  employed. 

Some  very  beautiful,  and  for  the  prepress  of  organic  ^^mistir, 
highly  important  results  have  been  obtained  by  the  action  of  dectricitT 
upon  valeric  add.     By  submitting  a  solution  of  valerate  of  potassa  to 
a  galvanic  current,  produced   by  4  elements  of  Hansen's    battexy, 
Dr.  Kolbe  observed  that  potassa  and  pure  hydrogen  were  evolved  at 
the  n^ative  pole,  while  at  the  positive  pole  valeric  and  carbonic  acids, 
an  odorous  inflammable  gas,  and  an  ethereal  liquid,  noade  their  ap- 
pearance.    The  inflammable  gas  obtained  in  this  reaction  is  the  carbi^ 
hydrogen  CgHg,  which  had  been  previously  isolated  by  Mr.  Faraday 
from  the  oily  products  separated  from  compressed  oil  gas,  and  whi<ji 
has  been  mentioned  among  the  members  of  the  butyl^series  (page  518). 
This  substance  to  which  the  name  butylene  has  beoi  given,  is  perfectly 
analogous  to  oleflant  gas  (ethylene),  propylene  and  amylene,  which 
have  been  previously  described.     It  combines  with  chlorine  and  bro- 
mine, forming  substances  analogous  to  Dutch-liquid.     The  oily  liquid 
formed  together  with  butylene,  in  the  electrolysis  of  valeric  acid,  in  a 
mixture  of  several  substances,  among  which  a  hydrocarbon,  of  the  re- 
markable composition  CgH^  predominates.     This  body  appears  to  be 
identical  with  butyl,  the  hydrocarbon  which  Mr.  Wurtz  subsequently 
separated  from  iodide  of  butyl  (see  page  518).     Kolbe  considers  batyl 
to  be  one  of  the  proximate  constituents  of  valeric  acid,  which  he  views 
as  an  intimate  combination  of  butyl  with  ozalis  add,  butyl-oxalic  add 
CwHg03,H0=CgH^C,0„H0.     According  to  this  view,  the  transfor- 
mation of  valeric  acid  imder  the  influence  of  the  galvanic  current  is 
readily  explained.     The  oxygen  evolved  at  the  jiositive  pole  by  the 
electrolpis  of  water  oxidizes  the  oxalic  to  carbonic  acid,  and  lib««tei 
the  butyl,  portions  of  which  are  farther  attacked  by  the  oxygen,  and 
deprived  of  1  eq.  of  hydrogen,  thus  giving  rise  to  the  simultaneous 
evolution  of  butylene.     If  this  view  holds  good  for  valeric  add,  it 
must  be  equally  true  of  butyric,  propionic,  acetic,  and  formic  adds^ 
and  of  a  great  number  of  analogous  acids,  which  will  be  described  io 
the  subsequent  chapters  of  this  Manual. 

Butyric  acid  will  be  propyl-oxalic  acid;  propionic  add, ethyl-oxalic ; 
acetic  acid,  methy  l-oxalic,and  lastly,  formic  add,  hydro-oxalic  add,  thos — 

Formic  add         .  .     C,  HO„HO  =     H  ,C,03,H0 

Acetic  acid       .  .        C^H,0,,HO  =  C,H„C,0„HO 

Propionic  add      .  .     CeHjOj,!!©  =  CfiJCfi^BO 

Butyric  add    .  CgH,0„HO  =  CeH^C,0„HO 

Valeric  acid        .  .    C,oHbO„HO  =  CjH„ci,O^HO 
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This  view  is  borae  out  by  the  electrolytic  decomposition  of  acetic 
acid,  which  yields  a  gas,  considered  by  Kolbe  to  be  methyl.  Serei'al 
collateral  facts  have  furnished  additional  support  to  this  theory; 
amongst  which  may  be  quoted  the  remarkable  deportment  of  the 
ammonia-salts  of  these  acids  under  the  influence  of  anhydrous  phos- 
phoric acid.  In  this  reaction,  oxalic,  formic,  acetic,  propionic,  and 
valeric  acids,  yield  respectively  cyanogen  and  the  cyanides  of  hydrogen, 
methyl,  ethyl,  and  butyl. 

NH,0,         C,0,  -  4H0  =  CjN 

NH,0,  H  ,€203  -  4H0  =  H  jC^N 
NH,0,C2H„CA  -  4H0  =  C2H„C2N 
NH,0,C^H3,CaO,  -  4H0  =  C.H^C^N 
KH^OjCgH^CjO,  -  4H0  =  C^H^CgN 

We  have  seen,  moreoA'er,  that  the  cyanides  of  methyl  and  ethyl,  when 
treated  with  the  alkalis,  are  readily  reconverted  into  acetic  and  pro- 
pionic acids,  and  in  the  section  on  cyanogen,  it  will  be  shown  that  this 
substance  and  hydrocyanic  acid  are  indeed  easily  convertible  into 
oxalate  and  formate  of  ammonia. 

Trichloro VALERIC  ACID. — ^When  dry  chlorine  is  passed  for  a  long 
time  into  pure  valeric  acid,  in  the  dark,  the  gas  is  absorbed  in  great 
quantity,  and  much  hydrochloric  acid  produ^ :  towards  the  end  of 
the  operation  a  little  heat  becomes  necessary.  The  product  is  a  semi- 
fluid transparent  substance,  heavier  than  water,  odourless,  and  of 
acrid  burning  taste.  It  does  not  congeal  when  exposed  to  a  very  low 
temperature,  but  acquires  complete  fluidity  when  heated  to  86^  (30°C). 
It  cannot  be  distilled  without  decompositiou.  When  put  into  water 
it  forms  a  thin,  fluid  hydrate,  which  ailerwards  dissolves  to  a  consi- 
derable extent.  This  body  is  freely  soluble  in  alkalis,  from  which  it  is 
i^ain  precipitated  by  the  addition  of  an  acid.  Trichloro valeric  add 
contains  Ci/HeCV.Og.HO. 

QuADRiCHLORO VALERIC  ACID. — This  is  the  ultimate  product  of  the 
action  of  chlorine  on  the  preceding  substance,  aided  by  exposure  to  the 
8un.  It  resembles  trichlorovaleric  acid  in  appearance  and  properties, 
being  semi-fluid  and  colourless,  destitute  of  odour,  of  powerful  pungent 
taste,  and  heavier  than  water.  It  can  neither  be  solidifled  by  cold, 
nor  distilled  without  decomposition.  In  contact  with  water,  it  forms 
a  hydrate  containing  3  eq.  of  that  substance,  which  is  slightly  soluble. 
In  alcohol  and  ether  it  dissolves  with  facility.  It  forms  salts  with 
bases,  of  which  the  best  deflned  is  that  of  silver.  Quadrichlorovaleric 
add  is  composed  of  C^^{lifil^)0^iUO. 

FnSEL-OiL  OP  GRAIN- SPIRIT. — The  fusel-oil,  separated  in  large 
quantities  from  grain-spirit  by  the  Tendon  rectitiers,  consists  chiefly  of 
potato-oil  (hydrated  oxide  of  amyl)  mixed  with  alcohol  and  water. 
Sometimes  it  contains  in  addition  more  or  less  of  the  ethyl-  or  amyl- 
compounds  of  certain  fatty  acids  thought  to  have  been  identified  with 
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cenanthic  and  margaric  acids.  These  last-named  substances  form  the 
principal  part  of  the  nearly-solid  fat  produced  in  this  maim«r  k 
whisky- distilleries  conducted  on  the  old  plan.  Mulder  has  described, 
under  the  name  of  corn-oil,  another  constituent  of  the  crude  fusel-oil 
of  Holland :  it  has  a  veiy  powerful  odour,  resembling  that  of  some  of 
the  umbelUfeix>U6  plants,  and  is  unaffected  by  solution  of  cROStk 
potassa.  According  to  Mr.  Rowney,  the  fusel-oil  of  the  Scotch  distil- 
leries contains  in  addition  a  certain  quantity  of  capric  add,  0^H^04, 
which  is  one  of  the  constituents  of  butter.  Potato-oil,  in  addition  to 
butyl  ic  alcohol  (see  page  518),  has  been  separated  from  the  sprit  dis- 
tilled from  beet-molasses,  and  ^om  artificial  grape-sugar  made  by  the 
aid  of  sulphunc  add.  Although  much  obscurity  yet  hangs  over  tbc 
history  of  these  substances,  it  is  generally  supposed  that  thej  are 
products  of  the  feimentation  of  sugar,  and  have  an  origin  ooDiempo> 
raneous  with  that  of  common  alcohol. 

Caproyl,  cenanthyl  and  caprtl  series. —  The  meooben 
of  these  senes,  which  are  also  known  as  the  hexyl-,  heptyl-,  and 
octyl-  series,  bear  a  striking  resemblance  to  the  amyl  compounds.  The 
hydrides  of  these  radicals  were  recently  discovered  in  considerable  quan- 
tities in  the  product  of  the  destructive  distillation  of  Boghead  coal  by 
llr.  Greville  Williams,  and  of  cannel  coal  by  M.  C.  Scborlemmer ;  the 
hydride  of  caproyl  has  also  been  obtained  from  the  American  rock-oil 
by  MM.  Pelouze  and  Cahours.  The  action  of  chlorine  gas  upon  these 
hydrides  gives  rise  to  the  formation  of  the  chlorine  compounds  of  the 
alcohol-radicals  from  which  the  alcohols  themselves  may  be  prepared. 
The  products  of  the  destructive  distillation  contain  also  the  homologues 
of  ethylene.  Mr.  Greville  Williams  demonstrated  their  presence  by  treat- 
ing the  several  fractions  of  these  products  with  very  concentrated  by* 
driodic  acid  in  sealed  tubes,  when  the  iodides  of  amyl  Ci^HuI,  of  oenan- 
thyl  Cj^HjJ,  of  capryl  Ci,H„I,  and  of  pelargyl  0,gH„I,  were  feund 
to  be  produced.  Messrs.  Erlenmeyer  and  Wanklyn  have  lately  ob- 
tained the  iodide  of  caproyl  by  treating  mannite  with  hydnodic  add. 
^ifi\fiu+ 1 1  HI  =0,^,3!  + 1  ^HO -i- 101.  Caproylic  alcohol  C„H„0^ 
is  sometimes  found  together  with  amyl  and  propyl  alcohol  in  the  fueel- 
oil  obtained  in.the  manufacture  of  alcohol  from  wine.  Caproylic  alcohol 
is  a  light  fluid,  insoluble  in  water,  boUiug  at  302°  (150^0).  The  radical 
caproyl  CijH^  was  obtained  by  the  electrolysis  of  cenanthate  of  potassa 
as  an  oily  liquid,  having  an  aromatic  odour  and  boiling  at  395^'6 
(202°C). 
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It  is  impossible  to  leave  tiie  history  of  the  alcohols  without  alladSng 
to  some  results  of  great  importance  for  the  elucidation  of  organic 
compounds  generally,  which  the  study  of  these  substances  has  elidted. 
When  describing  the  several  alcohols,  discussed  in  the  preceding  chapter. 
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we  have  repeatedly  pointed  out  the  lemarkable  analogy  presented  by 
the  properties  and  the  general  deportment  of  these  bodies.  If  we  com- 
pare the  composition  ot  these  alcohols. 

Methyl-alcohol C'l  H^  Oj 

Ethyl-alcohol  C^  H,  0, 

Propyl-alcohol C,  H,  0, 

Butyl-alcohol  ....  C,  HjoO, 

Amyl-alcohol CjoH^aO, 

we  find  that  their  formula  present  an  unmistakable  symmetry.  All 
contain  the  same  amount  of  oxygen,  only  the  carbon  and  hydrogen 
vary.  This  variation,  however,  takes  place  in  very  simple  relations. 
Thus  we  find  the  difference  of  ethyl-  and  methyl-alcohol  to  be 
CfiJ[>.2~^i^fit=^^A*  ^^  difference  of  methyl-  and  propyl-alcohol 
to  be  C,H,0,—CjH^Oj =0^114  =  2CjH„  the  difference  of  amyl-  and 
methyl-alcohol  to  be  CioH,20,-^,H^O,=C^.  =  4C,Hj.  The  same 
elementary  difference  of  course  prevails  likewise  between  all  the  deri- 
vatives of  the  three  alcohols : — 

Iodide  of  methyl  .     C,  H,  I 
Iodide  of  ethyl  C4H»I  =  CjH3l+  CjH., 

Iodide  of  propyl  .     C,  H,  I  =  C^,l + 20^, 
Iodide  of  amyl  C,oHnI  =  C^,I4-4C2H, 

or 

Formic  acid  .     C,  H  0„H0 
Acetic  add  .  C^  H,  0„HO  =  CjHO,.HO+  C,Hj 

Propionic  acid  .  .     €«  H,  0„H0  =  C,H0„H0+2C,H, 
Valeric  acid           .  CjoH,  0„H0  =  C,H0„H0+4C^, 

Methylic,  ethylic,  propylic,  butyl  ic,  and  amy  lie  alcohols  are  by  no 
means  the  only  members  of  this  class  which  are  known.  In  the  suc- 
ceeding pages  of  this  work  a  series  of  compounds  will  be  noticed,  evi- 
dently of  a  perfectly  analogous  character,  which  have  been  discovered 
in  various  departments  of  organic  chemistry.  By  submitting  castor^oil 
to  a  series  of  processes,  M.  Bouis  has  formal  an  alcohol,  which  has  been 
called  "  caprylic  alcohol."  Aoeording  to  M.  Dumas,  spermaceti  con- 
tains another  analogous  substance,  oetylic  alcohol,  which  is  a  solid ;  and 
l^Ir.  Brodie  has  prepared  two  alcohols,  oerotylic  and  melissic,  from  bees' 
wax.  The  composition  of  these  substances  stands  in  exactly  the  same 
rdation  to  that  of  the  preceding  alcohols,  which  we  have  pointed  out, 
as  will  be  seen  from  the  following  table : — 

Caprylic  alcohol  .         .  C„H„0,=C,H40,-H  TCjH, 

Cetylic  alcohol  G^^O^  =  Cfifit+ 1 5C A 

Cerotylic  alcohol  .          .  C„H5eO,  =CjH402+26CJH, 

Melissic  alcohol  .         C^^^Oj  =  C^Ufi^ + 29CjH, 
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These  four  alcohols^  when  submitted  to  the  action  of  exidiziDg  agentc, 
are  converted  into  four  acids,  analogous  to  formic  and  acetic  add,  and 
which  stand  to  each  other,  and  to  formic  and  acetic  acid,  in  exactly  the 
same  relation  as  the  several  alcohols  do  to  each  other. 


Caprylic  acid 
Cetylic  acid    . 
Cerotylic  acid 
Melissic  add  , 


Cj,H„0,30  =  aHO..HO+  7C,H, 
Cs^^Og^IO  =  C,HO„HO+  15CA 
CmH„0„HO  =  C^0„H04-  26CA 
C ja^O^HO  =  C^O,,HO+ 29C  A 


A  glance  at  these  tables  shows  that  all  these  alcohols  difler  from 
methyl-aldohol  by  C^H,,  or  a  multiple  of  it.  At  the  same  time,  it  is 
evident  that  the  series  by  no  means  regularly  ascends.  Thus  we  per- 
odve  that  between  caprylic  and  cetylic  alcohols,  not  less  than  aevcn 
different  alcohols  remain  to  be  discovered. 

Even  now  the  parallel  series  of  volatile  acids  is  far  more  complete 
than  that  of  the  alcohols.  At  present  the  following  members  of  this 
group  are  known,  which  are  placed  in  juxtaposition  with  the  collateral 
alcohols : — 


Methyl-alcohol     . 

C,H,0, 

Formic  acid 

C,H,0, 

Ethyl-alcohol 

C,  H.  0, 

Acetic  acid 

C,  H,  0, 

Propyl-alcohol     . 

C.  H3  0, 

Propionic  add. 

C,H.O, 

Butyl-alcohol 

C,  H,  A 

Butyric  add 

C,  H,  0, 

Amyl-alcohol 

C10H12O5, 

Valeric  acid     . 

C,oH,,0^ 

Caproylic-alcohol 

CnH^Oa 

Caproic  acid     . 

Cis'^is^i 

(Enanthylic-alcohol  Ciflifi^ 

CEnanthylic  acid  C„H,^0^ 

Capryl- alcohol 

^ifilt^Z 

Caprylic  acid    . 

Cie^ifiO^ 

CigHjoO, 

Pelargonic  add 

CisHigO^ 

C«,H„0, 

Capric  add 

C«H«0, 

&c. 

&c. 

&c. 

&c. 

We  might  continue  the  series  of  acids  with  intervals  higher  up  to 
adds  containing  54  and  even  more  equivalents  of  carbon.  Most  of  the 
acids  belonging  to  this  series  have  been  separated  from  fats,  and  hence 
this  series  is  frequently  designated  by  the  name  of  the  series  of  fatty 
acids. 

A  series  of  analogous  substances,  whose  composition  varies  by  C^H,, 
or  a  multiple  of  it,  is  called  a  series  of  homologous  bodies — a  name  first 
used  by  Gerhardt,  to  whom  we  aie  much  indebted  for  the  eludda- 
tion  of  this  subject.  It  is  evident  that  there  exist  as  many  such  homo- 
li^ous  series  as  there  are  derivatives  of  any  one  of  the  alcohols.  We 
may  construct  a  series  of  homologous  radicals,  or  ethers,  or  hydro- 
carbons. 
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Hethyl  .  C,  H,  Methyl-ether    CsH^O                       CsH, 

.     Ethyl  .  C4  H4  Ether  .         .  C4  H,  0  Ethylene  .  C^  H^ 

Plfopyl  .  CeHy  C^  H,  0  Propylene.  C,  H, 

Butyl  .  C,  H,  Butyl-ether  .    Cg  H^  0  Butylene  .  Cg  Hg 

Amyl  .  C|oH|,  Amyl-ether  .  CioH^O  Amylene   .  CjoHjo 

Caproyl  .  CijHi,  Ci«H„0  Gaproylene   CijHi, 

(Enanthyl  C^fi^  ^u^ifi                       C„H,, 

Oapryl  .  Ci,H„  Gapryl-ether  .  CjgH^O  Caprylene.  CigH|g 

All  theae  series  of  homologous  bodies  still  present  numerous  gaps ; 
ncme  perhaps  more  than  that  of  the  alcohols  which  may  be  taken  as  the 
prototype  of  all  the  rest;  but  since  the  existence  of  these  homologous 
series  was  first  pointed  out,  many  gaps  have  been  filled,  and  it  may  be 
expected  that  before  long  the  rapid  strides  of  organic  chemistry  will 
reader  these  series  complete. 

The  properties  of  the  various  members  belonging  to  the  homologous 
series  gradually  ohai^  as  we  ascend  in  the  series.  The  most  charactei'- 
istic  alteration  is  the  diminution  of  volatility.  A  regular  difference  be- 
tween the  boiling-points  of  homologous  substances  was  first  pointed  out 
by  H.  Kopp.   As  an  example  the  series  of  fatty  adds  may  be  taken : — 


Formic  acid  .  C,  H,  0^ 
Acetic  add  .  C4  H^  O4 
Propionic  acid  Cg  Hg  O4 
Butyric  add  .  Cg^^Hg  O^ 
Valeric  add  .  CigHigO^. 
Gaproic  acid  .  C,s^u^4 

From  this  table  it  is  evident  that  the  boiling  temperauire  of  the 
homologous  adds  rises  on  an  average  35° '8  (19°*9C)  for  every  incre- 
ment of  GjHg.  A  similar  regular  difference  has  been  observed  in  the 
boilin^points  of  many  other  homologous  compounds.  As  yet,  however, 
the  number  of  cases  in  which  discrepandes  occur  is  very  considerable. 


Bollingjx)ints. 

Differences. 

F.             C. 

F. 

C. 

209°          98°- 5 

)37° 
^38° 

20° 

246°        119°     \ 
284°        140°     / 

21° 

}30°-6 
'32°'4 

17° 

314°- 6     157°     1 
347°        175°     / 

18° 

l4l°-4 

23° 

388° -4     198° 

OILS    AMD    FATS. 

The  oils  and  fats  form  an  interesting  and  very  natural  group  of  sub- 
stances, which  have  been  studied  with  great  success.  The  v^table 
and  animal  &t8  agree  so  doeely  in  every  respect,  that  it  will  be  con- 
venient to  discuss  them  under  one  head. 

Oily  bodies  ore  divided  into  volatile  and  fixed:  the  former  are 

2m 
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capable  of  being  distilled  wiihout  decompoeition,  the  lattor  are 
When  dropped  or  spread  upon  paper,  they  all  produoe  a  greasy  stain : 
in  the  case  of  a  volatile  oil,  this  stain  disappears  when  the  paper  is 
warmed,  which  never  happens  with  a  fixed  fiittj  substance.  All  then 
bodies  have  an  attraction,  more  or  less  energetic,  for  oxygen :  this  in 
some  cases  reaches  such  a  height  as  to  occasion  spontaneous  inflammar 
tion,  as  in  the  instance  of  large  masses  of  cotton  or  flax  moistened  with 
rape  or  linseed  oil.  The  e£^  of  this  absorption  of  oxygen  leads  to  a 
further  classification  of  the  fixed  oils  into  drying  and  non-dnfmg  oils, 
or  those  which  become  hard  and  resinous  by  exposure  to  air,  and  those 
which  thicken  slightly,  become  sour  and  rancid,  but  never  solidify.  To 
the  first  class  belong  the  oils  used  in  painting,  as  linseed,  poppy- 
seed,  and  walnut ;  and  to  the  second,  olive>  and  pilm-oils,  azid  all  the 
oils  and  fats  of  animal  origin.  The  parts  of  plants  which  oontain  the 
largest  qnantities  of  oil  are,  in  genenl,  the  seeds.  Olive-oil  is,  hoiw- 
ever,  obtained  from  the  fruit  itself.  The  leaves  of  many  plants  ore 
varnished  on  their  upper  surfiice  with  a  covering  of  waxy  &t.  Among 
the  natural  orderB,  that  of  the  crudfera  is  oonspicuoas  for  the  nomhar 
of  oil-bearing  species. 

The  fixed  oils  in  general  have  but  a  fle^le  odour,  and  scaroely  any 
taste ;  whenever  a  sapid  oil  or  fat  is  met  with,  it  is  invariably  foaod 
to  oontain  some  volatile  oily  principle,  as  in  the  case  of  common  batter. 
Thtey  are  all  insoluble  in  water,  and  but  slightly  soluble  In  alcohol, 
with  the  exception  of  castor-oil :  in  ether  and  in  the  essential  oils,  oq 
the  other  hand,  they  dissolve  in  large  quantity. 

The  consistence  of  these  substances  varies  from  that  of  the  thinnest 
olive-oil  to  that  of  solid,  compact  suet:  and  this  difference  proceeds  fiom 
the  variable  proportions  in  which  the  proximate  solid  and  fluid  fatty 
principles  are  associated  in  the  natural  products    All  these  bodies  may, 
in  fact,  by  mere  mechanical  means,  or  by  the  application  of  a  low  tem- 
perature, be  separated  into  two,  or  sometimes  three,  different  substances, 
which  dissolve  in,  or  mix  with,  each  other  in  all  proportions.     Thos, 
olive-oil  exposed  to  a  cold  of  40^  (4^'5C)  deposits  a  large  quantity  of 
a  crystalline  solid  fat,  which  may  be  separated  by  filtration  and  pres- 
sure :  this  is  termed  margarin,  from  its  pearly  aspect.    That  portion 
of  the  oil  which  retains  its  fluidity  at  this,  or  even  a  greater  degree  of 
cold,  has  received  the  name  olein  or  ekun.    Again,  a  solid  animal  fat 
may,  by  pressure  between  folds  of  blotting-paper,  be  made  much  harder, 
more  brittle,  and  more  difficult  of  fusion.    The  paper  becomes  impreg^ 
nated  with  a  permanently-fluid  oil,  or  olein,  while  the  solid  purt  is 
found  to  consist  of  a  mixture  of  two  solid  &ts,  one  resembling  the  mar- 
garin  of  olive-oil,  and  the  other  having  a  much  higher  melting-point, 
and  other  properties  which  distinguish  it  from  that  substance:  it  is 
called  stearin. 

These  remarks  apply  to  all  ordinary  oils  and  fats :  ft  is,  however, 
proved  that  the  olein  and  maigarin  of  all  vegetable  and  animal  ctii 
are  by  no  means  identical :  it  is  very  possible  tihat  there  may  be 
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tial  differenoeii  among  them,  more  especinlly  in  the  case  of  the  first* 
named  substance. 

Fixed  fatty  bodies,  in  contact  with  alkaline  solutions  at  a  high  tem> 
perature,  undergo  the  remarkable  change  termed  saponification.  When 
stearin,  mai^rin,  or  olein  are  boiled  with  a  strong  solution  of  caustic 
potassa  or  soda,  they  gradually  combine  with  the  alkali,  and  form  a 
homogeneoos,  viscid,  transparent  mass,  or  soap^  freely  soluble  in  warm 
water,  although  insoluble  in  saline  solutions.  If  the  soap  so  produced 
be  afterwards  decomposed  by  the  addition  of  an  acid,  the  fat  which 
separates  is  found  completely  changed  in  character :  it  has  acquired  a 
strongly  acid  reaction  when  applied  in  a  melted  state  to  test-paper,  and 
it  has  become  soluble  with  the  greatest  facility  in  warm  alcohol :  it  is, 
in  &ct,  a  new  substance,  a  true  acidf  capable  of  forming  salts,  and  a 
compound  ether,  and  has  been  generate  out  of  the  elements  of  the 
neutral  fat  under  the  influence  of  the  base.  Stearin,  when  thus  treated, 
yields  stearic  aci  ,  margarin  gires  margaric  acid^  olein  gives  oleic  add, 
and  common  ani  nal  fat,  which  is  a  mixture  of  the  three  neutral  bodies, 
aflbrds  by  saponification  by  an  alkali  and  subsequent  decomposition  of 
the  soap,  a  mixture  of  the  three  fatty  acids  in  question.  These  bodies 
are  not,  however,  the  only  products  of  saponification :  tiie  change  is 
always  accompanied  by  the  formation  of  a  very  peculiar  sweet  sub** 
stance,  called  glycerin  (see  page  517),  which  remains  in  the  mother- 
liquor  from  which  the  acidified  fat  has  been  separated.  The  process  of 
saponification  itself  proceeds  with  perfect  facility  in  a  close  vessel ;  no 
gas  is  disengaged ;  the  neutral  fat,  of  whatsoever  kind,  is  simply  re- 
solved into  an  alkaline  salt  of  the  fatty  acid,  or  soap,  and  into  glycerin.* 
Hence  the  neutral  iBftts  may  be  viewed  as  a  species  of  salt,  in  which  the 
glycerin  plays  the  part  of  base,  similar  to  oxide  of  methyl  and  ethyl, 
&C.,  in  the  compound  ethers. 

Steabik  and  8TEA&IC  AOID. — Pore  animal  stearin  is  most  easily 
obtained  by  mixing  pure  mutton-fat,  melted  in  a  glass  flask,  with  several 
times  its  weight  of  ether,  and  suffering  the  whole  to  cool.  Stearin  crys- 
tallizes out,  while  margarin  and  olein  remain  in  solution.  The  soft 
pasty  niass  may  then  be  transferred  to  a  cloth,  strongly  pressed,  and  the 
solid  portion  still  further  purified  by  recrystallization  from  ether.  It  is  a 
white  friable  substance,  insoluble  in  water,  and  nearly  so  in  cold  alcohol : 
boiling  spirit  takes  up  a  small  quantity.  Boiling  ether  dissolves  it  with 
great  ease,  but  when  cold  retains  only  ^  of  its  weight.  The  melting- 
point  of  pure  stearin,  which  is  one  of  its  most  important  physical  duip 
racters,  may  be  placed  at  about  130°  (54° -50). 

When  stearin  is  saponified,  it  yields,  as  already  stated,  glycerin  and 
stearic  acid.    The  latter  crystallizes  from  hot  alcohol  in  milk-white 

*  We  aie  Indebted  to  H.  Cbevrral  for  the  first  series  of  edentiflc  researches 
on  the  fixed  oils  and  fats,  and  on  the  theory  of  saponification.  These  admirable 
Investigations  are  detailed  In  the  early  volumes  of  the  '  Annalee  de  Chimle  et 
de  Physiqoe,'  and  were  afterwards  pnbUshed  in  a  separate  form  in  1833,  under 
the  title  of  *  JEecMroAes  ChiwiqiM  9wr  la  Corps  gnu  d'Oriffine  animdk,' 
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needles,  which  are  inodorous,  tasteless,  and  quite  insoluble  in  water.  It 
dissolyes  in  its  own  weight  of  cold  alcohol,  and  in  all  proportioos  at  a 
boiling  heat :  it  is  likewise  soluble  in  ether.  Alkaline  carbonates  are 
decomposed  by  stearic  acid.  Exposed  to  heat  it  fuses,  and  at  a  higher 
temperature,  if  air  be  excluded,  volatilizes  unchanged.  The  meltii:^- 
point  of  stearic  add  is  about  158°  (7U°C). 

Mabgakin  A2XD  HAROARic  ACID. — ^The  ethereal  mother-liqaor  from 
which  stearin  has  separated  in  the  process  just  described  yieldis  on  eva- 
poration a  soft-solid  mixture  of  margarin  and  olein  with  a  little  «*^Tia. 
By  compression  between  folds  of  blotting-paper,  and  re-solution  in  ether, 
it  is  rendered  tolerably  pure.  In  this  state  margarin  Teiy  much  re- 
sembles stearin:  it  is,  however,  more  fusible,  melting  at  llt^  (46^-GC), 
and  very  much  more  soluble  in  cold  ether.  By  saponification  it  yields 
glycerin  and  margaric  acid.  The  properties  of  this  last-nanied  aubbtaaoe 
resemble,  in  the  closest  manner,  those  of  stearic  acid :  it  is  different  in 
composition,  however,  more  soluble  in  cold  spirit,  and  has  a  lower 
melting-point,  viz.,  140°  (60°C)  or  thereabouts.  Its  salts  also  reaemble 
those  of  stearic  acid. 

A  more  or  less  impure  mixture  of  stearic  and  margaric  adds  is  now 
very  extensively  used  as  a  substitute  for  wax  and  spermaceti  in  the 
manufacture  of  candles,  it  is  prepared  by  saponifying  tallow  by  lime, 
decomposing  the  insoluble  soap  so  formed  by  boiling  with  dilute  sul- 
phuric  add,  and  then  pressing  out  the  fluid  or  oily  portion  from  the 
addjfied  fat. 

The  solid  part  of  oIiveH>il  is  said  to  be  a  definite  compoand  of  true 
maipuin  and  olein,  inasmuch  as  its  melting-point,  68°  (20°C),  is  con- 
stant: it  gives  by  saponification  a  mixture  of  margaric  and  oleic 
adds. 

Recent  researches  made  by  Heiutz  have  thrown  some  doubts  on  the 
existence  of  margarin  and  margaric  acid.  Heintz  considers  mai^arin 
as  a  mixture  of  stearin  and  palmitin,  and  margaric  add  as  a  mixture 
of  stearic  and  palmitic  acids  (see  psge  535).  The  subject  is  still  under 
discussion. 

Oleim  and  oleic  acid. — It  is  doubtful  whether  a  perfectly  pare 
olein  has  yet  been  obtained :  the  separation  of  the  last  portions  of  mar- 
garin, with  which  it  is  always  natuitdly  associated,  is  a  task  of  extreme 
difficulty.  Any  fluid  oil,  animal  or  vegetable,  which  has  been  carefully 
decolorized,  and  filtered  at  a  temperature  approaching  the  freezing-point 
of  water,  may  be  taken  as  a  representative  of  the  substance.  Oleic  add 
much  resembles  olein  in  physical  characters,  being  colourless  and  lighter 
than  water ;  but  it  has  usually  a  distinctly  add  reaction,  a  sharp  taste, 
and  is  misdble  with  alcohol  in  all  proportions.  Whoi  submitted  to  the 
action  of  nitric  acid,  it  yields  almost  the  whole  series  of  adds,  of  which 
formic,  acetic,  propionic,  butyric,  &c.,  are  members,  and  which  have 
been  mentioned  in  a  previous  section  of  this  work. 

When  stearic  or  margaric  acid,  or  ordinary  animal  fats,  are  exposed 
to  destructive  distilUtion,  they  yield,  in  addition  to  a  portion  of  the 
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acid  which  is  Tolfttilized  witiioat  decomposition,  a  &tty  hody,  incapable 
of  saponification,  termed  margarone,  a  liquid  carbide  of  hydrogen,  and 
rarious  permanent  gases.  The  neatral  fats  furnish  besides  an  extremely 
pnngent  and  even  poisonous  volatile  principle,  called  acrolein  (see  p.  515). 

In  the  manufacture  of  ordinary  soaps  both  potassa  and  soda  are  used ; 
the  former  yielding  aofif  and  the  latter  hard  soaps.  Animal  and  vege- 
table fats  are  employed  indifferently,  and  sometimes  resin  is  added. 

Composition  of  the  preceding  substances, — ^The  following  are  the 
fonnulse  at  present  generally  assigned  to  the  fatty  acids  in  question : — 

Mai^ricacid      ....    C,4H„0,.H0 
Stearic  add      ....        Cj^Hj^O^HO. 

If  these  formulse  be  correct,  stearic  and  margaric  acids  are  homo- 
lognes  of  formic  and  acetic  adds.  The  formula  of  mai^ric  acid  is, 
however,  by  no  means  well  established. 

Oleic  add,  from  almond-oil,  butter,  and  beef-suet,  gave  results 
agreeing  pretty  well,  and  leading  to  the  formula  CmH„0„HO,  the 
oleic  add  of  goose-fat  and  olive-oil  having  the  same  composition. 
Former  researches  had  led  to  diflerent  results,  which  are  explained  by 
the  extreme  proneness  to  oxidation  of  the  substance  itself.  The  oldc 
acid  obtained  from  linseed-oil  appears  to  differ  from  the  preceding  sub- 
stance, its  analysis  having  led  to  the  formula  Cf^H^OgtHO. 

Margarone  contains  CJIgfl,  or  margaric  acid  minus  1  eq.  of  car- 
bonic acid. 

Margaric,  stearic,  and  oldc  acids  have  many  properties  in  common : 
tbdr  salts  much  resemble  each  other,  those  of  the  alkalis  being  soluble 
in  pure  water  when  warm,  but  not  in  saline  solutions.  A  large  quan- 
tity of  cold  water  added  to  an  alkaline  mai-garate  or  stearate  occasions 
the  separation  of  a  crystalline,  insoluble  add  salt.  The  margaratea, 
stearates,  and  oleates  of  lime,  baryta,  and  the  oxides  of  the  metals 
proper  are  insoluble  in  water.  They  are  easily  obtained  by  double 
decomposition,  and  in  some  few  cases  by  direct  action  on  the  neutral 
fat.  A  solution  of  soap  in  alcohol  is  sometimes  used  as  a  test  for 
the  presence  and  quantity  of  lime,  &c,  in  waters  under  examination 
(see  page  306). 

Ethers  of  the  fattt  acids. — Stearic  ether  is  obtained  by  passing 
hydrochloric  acid  gas  into  an  alcoholic  solution  of  stearic  add :  it  con- 
tains AeOfC^U^^,  It  resembles  white  wax,  is  inodorous  and  taste- 
less, melts  at  8^  (30°C),  and  cannot  be  distilled  without  decompod- 
fjon.  It  is  readily  decomposed  by  boiling  with  caustic  alkalis.  Mar- 
garic ether  is  prepared  by  a  similar  mode  of  proceeding.  When  purified 
from  excess  of  add  by  agitation  with  successive  small  quantities  of 
weak  spirit,  and  afterwards  made  to  crystallize  slowly  from  the  same 
menstruum,  it  forms  regular,  brilliant,  colourless  crystals,  fusible  at 
70^  (21°'1C),  and  distilling  without  decomposition ;  when  less  pure  it 
is  in  great  part  destroyed  by  this  latter  process.  Margaric  ether  is 
said  to  contain  AeOiCj^H^O,.      An  oleic  ether,  and  corresponding^ 
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compounds  of  several  other  leas  important  fatty  adds,  Iibvb  boEn 
formed  and  described.    They  greatly  resemble  each  other  in  duuiuster. 

Gltobrin,  CgHgOg. — ^This  substance  was  originally  obtained  hr 
heating  together  olive  or  other  suitable  oil,  protoxide  of  lead,  and  water, 
as  in  the  manufacture  of  common  lead-plaster ;  an  insoluble  soap  of 
lead  is  formed,  while  the  slycerin  remains  in  the  aqueous  liquid.  Tlie 
latter  is  treated  with  sulphuretted  hydrogen,  digested  with  animal 
charcoal,  61tered  and  eraponited  m  vacuo  at  the  temperature  of  the  air. 
It  is  now  produced  in  very  lai^  quantity  and  of  perfect  purity  in  the 
decomposition  of  &tty  substances,  by  means  of  overheated  steam,  a 
process  which  Mr.  George  Wilson  has  lately  introduced  into  the  ma- 
nufacture of  candles.  In  this  reaction,  both  the  &tty  add  and  the 
glyoerin  assimilate  the  elements  of  water,  and  the  excess  of  steam 
carries  over  a  mechanical  mixture  of  glycerin  and  fatty  adds,  which 
rapidly  separates  into  two  layers  in  the  receiver. 

In  a  pure  state  glyoerin  forms  a  nearly  colourless  and  very  viscid 
liquid  of  sp.  gr.  1*27,  which  cannot  be  made  to  crystallize.  It  has 
an  intensely  sweet  taste,  and  mixes  with  water  in  all  proportions:  its 
solution  does  not  undergo  the  alcoholic  fermentation,  but  when  mixed 
with  yeast  and  kept  in  a  warm  place,  it  is  gradually  converted  into 
propionic  acid  (see  page  513).  Glyoerin  has  no  action  on  vegetable 
colours.  Exposed  to  heat,  it  volatilizes  in  part,  darkens,  and  beoames 
destroyed,  one  of  its  products  of  destruction  being  a  substance  pos- 
sessing a  most  powerfully-penetrating  odour,  called  acrolein,  which  has 
been  already  mentioned  under  the  head  of  propyl  series  (see  page  515). 
Concentrated  nitric  add  converts  it  into  glyceric  acid,  C,H^O,,  dilute 
add  into  oxalic  add.  A  mixture  of  nitric  and  sulphuric  adds  pro- 
duces a  substitution-compound,  nitr<hglyoerinf  C^Hj  (NOJ^O,,  a  heavy 
oily  liquid,  powerfully  exploding  by  concussion. 

Glycerin  combines  with  the  elements  of  sulphuric  acid,  forming  a 
compound  acid,  the  sulphoglyceric,  CeH705,2SO„HO,  which  gives 
soluble  salts  with  lime,  baryta,  and  protoxide  of  lead.  Submitted  to 
the  action  of  iodide  of  phosj^orus,  glycerin  is  converted  into  iodide  of 
ally!  and  other  compounds. 

M.  Bei-thelot  has  succeeded  in  combining  glycerin  with  a  great 
number  of  adds,  and  producing  in  this  manner  artifidalJy  a  aeries  of 
compounds  which  are  partly  identical  with  the  fats  oocorring  in 
nature,  and  partly  analogous  to  these  substances.  They  are  generally 
obtained  by  the  direct  action,  during  several  hours,  of  the  adds  upon 
glycerin  in  closed  vessels  at  temperatures  varying,  according  to  drcum- 
stances,  from  21 2^  to  536^  (100^  to  280^).  Three  compounds  of 
stearic  acid  with  glyoerin  have  been  thus  produced,  which  M.  Ber- 
thelot  distinguishes  as  monostearin,  bistearin,  and  tristearin.  There 
are  likewise  several  artificial  margarins,  palmitins,  and  oleins.  The 
deportment  of  these  bodies  is  perfectly  analogous  to  that  of  neutral 
fats.  Compounds  with  acetic,  butyric,  and  valeric,  boizoic,  cam- 
phoric, and  even  with  hydrochloric  acid  have  likewise  been  obtained. 
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The  study  of  theee  artificial  oompounds  has  thrown  much  light  npon 
the  nature  of  glycerin,  and  the  composition  of  the  substances  which 
occur  in  nature,  that  is,  the  neutral  fiitty  bodies.  It  results  from 
these  researches  that  glycerin  is  a  substance  analogous  to  alcohol  in 
general  character,  but  oUfferiug  from  the  latter  by  the  rariety  of  pro- 
portions in  which  it  can  be  combined  with  the  adds,  lo  fact,  M.  Ber- 
tfaelot  has  pointed  out  three  classes  of  compounds  which  glycerin  is 
capable  of  forming  with  the  adds.  With  acetic  acid,  for  instance,  it 
forms  three  combiuations, — ^monacetin,  diacetin,  and  triaoetin, — which 
may  be  formulated  in  the  following  manner  :— 

Glycerin    .  .        C,  H,0,  =  C,H40„3HO 

Monacetin  .     C^fi^fi^  =  CeH50„2HO,  C^H,0, 

Diacetin     .  .        C,fi,fi,o  =  C,H,0,»  H0,2C,H,0, 

Triacetin  .    C„H„Oij  =  C^O,,         3C^H,0, 

In  a  similar  manner,  three  different  stearins  may  be  distin- 
guished :<— 

Monostearin  C^jH^O,      =     C,H40„2HO,  C,^„Oj 

Bistearin  .     C„  H„  O^o     =     C^Bflt,  H0,2C„H„0, 

Tristearin  .  Cn^HuoO^     =     Cfifi„         3C^„0, 

Tristearin  is  the  stearin  which  occurs  in  nature. 

The  formation  of  glycerin  from  tribromide  of  allyl  has  been  men- 
tioned under  the  head  of  propyl-series. 

Palu  and  cocoa  oiu. — ^These  sulatanoes,  which  at  the  common 
temperature  of  the  air  have  a  sofi-solid  or  buttery  consistence,  are 
now  largely  consumed  in  this  country.  Palm-oil  is  the  produce  of  the 
EHaa  guianensiSy  and  comes  chiefly  from  the  coast  of  Africa.  It  has, 
when  fresh,  a  deep  orange-red  tint,  and  a  very  agreeable  odour :  the 
colouring  matter — the  nature  of  which  is  unknown  — •  is  easily  de- 
stroyed by  exposure  to  tight,  especially  at  a  high  temperature,  and  also 
I7  oxidizing  i^ents.  The  oil  melts  at  80°  (26°'6C).  By  cautious 
pressure  it  may  be  separated  into  a  fluid  oldn  and  a  solid  substance, 
pahnitm^  whidi,  when  purified  by  crystallixation  from  hot  ether,  is 
perfectly  white,  fusible  at  118°  (47°*8Cj,  soluble  to  a  small  extent 
only  in  boiling  alcohol,  and  convertible  by  saponification  into  pahnUtG 
acid.  The  latter  resembles,  in  the  dosest  manner,  margaric  add,  and 
has  the  same  melting-pdnt :  it  difiers  in  composition,  however,  con- 
taining C,2^3iO,JIO.  By  keeping,  palm-oil  seems  to  sufier  a  change 
similar  to  that  produced  by  saponification  :  in  this  state  it  is  found  to 
contain  traces  of  glycerin,  and  a  considerable  quantity  of  oleic  add, 
tog^er  with  a  solid  fotty  acid,  first  supposed  to  be  margaric,  but 
which  is  probably  palmitic  add.  The  oil  becomes  harder  and  rancid, 
and  its  melting-point  is  raised  at  the  same  time.  Coooa^oU,  extracted 
from  the  kernel  of  the  common  cocoa>nut,  is  white,  and  has  a  far  less 
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agreeable  smell  than  the  preoeding.  It  contains  oldn  and  a  solid  hd^ 
often' used  as  a  substitute  for  tallow  in  making  candles,  which  bj  ap^- 
nification  gives  a  crystallizable  fatty  acid,  cocmic  add,  haTing  the 
usual  properties  of  these  bodies,  and  melting  at  95°  (35%).  It  is  oooi- 
posed  of  Cj,H^Oa,HO. 

The  solid  vegetable  fat  fix>m  the  Jlfyriaiioa  mos^ata  oontains  a 
volatile  oil,  a  fluid  olein,  and  a  solid,  crystallizable,  &ttj  principle: 
this,  when  saponified,  which  takes  place  with  difficulty,  yields  myn^- 
tic  acid.  This  substance  has  been  examined  by  Dr.  Play&ir :  it  mehs 
at  12(y*  (48<*-8C),  and  contains  C„H„0„HO. 

Cacao-butter,  extracted  from  the  crushed  beans  by  boiling  witb 
water,  yields  by  saponification  a  fatty  add,  identical,  acooiding  to  0r. 
Stenhouse,  with  the  stearic  add  from  animal  fat. 

Elaidin  and  ELAiDio  ACID. — ^When  olive-oil  is  mixed  with  a 
small  quantity  of  nitrous  acid,  nitric  add  containing  that  substance*  or 
solution  of  nitrate  of  mercury  made  in  the  cold,  it  becomes  after  a  f«w 
hours  a  yellowish,  soft-solid  mass,  which,  pressed  and  treated  witii 
alcohol,  furnishes  a  peculiar  white,  crystalline,  fatty  substance,  termed 
elaidin.  It  resembles  a  neutral  fat  in  properties,  melts  at  90°  (32^20), 
dissolves  with  difficulty  in  boiling  alcohol,  easily  in  ether,  and  is  re- 
solved by  saponification  into  glycerin  and  e/lotdic  add,  which  much 
resembles  maigaric  acid.  Oleic  add  is  directly  convertible  by  nitroiu 
add  into  elaidic  acid.  It  is  not  every  kind  of  oil  which  furnishes 
elaidin  ;  the  drying  oils,  as  those  of  linseed,  poppy-seed,  walnnta,  &c^ 
refuse  to  solidify ;  almond-, olive-,  and  castor-oils,  possess  the  property 
in  a  high  degree. 

Elaidic  acid  appears  to  have  the  same  composition  as  oleic  add,  or 
C,.H„0„HO. 

The  action  of  sulphuric  add  upon  olive-oil  has  been  studied  by 
M.  Fr6ny.  When  the  oil  is  slowly  and  cautiously  mixed  with  halif 
its  volume  of  concentrated  sulphuric  acid,  all  rise  of  temperature  being 
avoided,  a  homogeneous  liquid  is  obtained,  which,  when  mixed  with  a 
littie  water,  separates  into  two  layers,  the  lower  consisting  of  8nlpho> 
glyceric  and  free  sulphuric  add,  and  the  upper  and  syrupy  portion  of 
two  compound  acids,  the  sulphomargaiHc  and  mUphoidc,  These  latter 
dissolve  in  a  lai^  quantity  of  water,  but  after  some  time  undergo 
decomposition  into  sulphuric  add  and  several  new  fiitty  adds,  to  which 
the  names  metamargaric,  hydromargaric,  hydromargaritic,  mehleie, 
and  hydrcldc  were  given.  The  first  three  are  derived  from  the  ele- 
ments of  the  sulphomaigaric  add :  they  are  solid  and  crystalllaable, 
and  much  resemble  ordinary  margaric  add,  differing  slightly  from  that 
substance  and  from  each  other  in  their  mdting-points,  degree  of  aola- 
bility  in  alcohol,  &c  The  metoleic  and  hydroleic  acidi  are  fluid,  and 
are  derived  from  the  sulpholeic  add  of  the  mixture.  They  yield 
carbonic  add  and  liquid  hydrocarbons  by  destructive  distillation.  The 
composition  of  these  fatty  adds  is  yet  uncertain,  but  in  all  probability 
they  only  differ  from  margaric  luid  oldc  adds  by  the  elements  oif 
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water.  The  action  of  sulphuric  acid  upon  the  oil  is  thus  somewhat 
similar  to  the  eflfect  of  saponification,  the  neutral  £it  being  resolred 
into  margaric  and  oleic  acids  and  glycerin,  the  whole  of  which  then 
combine  with  the  elemoits  of  sulpiiuric  acid  to  form  compounds  be- 
longing to  the  large  group  of  substances,  of  which  sulphovinic  add  is 
the  typical  member. 

The  sulphuric  saponification  of  fiittj  bodies  is  now  carried  out  on 
a  Terj  large  scale  for  producing  cheaper  varieties  of  "  stearin  oancBes" 
For  this  purpose,  inferior  fatty  bodies,  such  as  palm-oil,  are  mixed 
with  5  or  6  per  oent  of  concentrated  sulphuric  add,  and  exposed  to  a 
temperature  of  350°-  6  (177°C)  produced  by  overheated  steam.  After 
cooling,  the  black  mass  thus  obtaioed  crystallizes  to  a  tolerably-solid 
fat,  which  is  washed  once  or  twice  with  water,  and  then  submitted  to 
distillation  by  the  aid  of  steam,  heated  to  about  560°  (293''-3G)*  '^'^^ 
product  of  the  distillation,  which  is  beautifully  white,  may  be  at  once 
used  for  making  candles :  frequently,  however,  it  undergoes  the  process 
of  cold  and  hot  pressing,  whereby  a  much  more  solid  fat  w  obtained. 

Spermaceti. — ^The  soft-solid  matter  found  in  very  large  quantity 
in  a  remarkable  cavity  in  the  head  of  the  spermaceti  whale,  when 
submitted  to  pressure,  yields,  as  is  well  known,  a  most  valuable  fluid 
oil,  and  a  crystalline  brownish  substance,  which,  when  purified,  be- 
comes the  beautiful  snow-white  artide  of  commerce,  spermaceti.  This 
substance  appeaiis  to  be  a  neutral  fatty  body  of  the  constitution  of  com- 

£>und  ethers.  It  melts  at  120^  (48° '8C),  and  when  cooled  under 
vourable  circumstances,  forms  distinct  crystals.  Boiling  alcohol 
dissolves  it  in  small  quantity,  and  ether  in  much  larger  proportion. 
Spermaceti  is  saponified  with  great  difficulty:  two  products  are 
obtained,  a  substance,  CggH^Oj,  belonging  to  the  series  of  alcohob  (see 
page  527),  to  which  the  name  cetylic  {ethcUic)  aioohol  has  been  given, 
and  pabmiio  {petylic^  ethalic)  acii^  C^H^O^ :  the  first  is  a  ciyBtal- 
lizable  &t,  whose  melting-point  is  nearly  the  same  as  that  of  spermaceti 
itself,  but  its  solubility  in  alcohol  is  much  greater :  it  is  also  readily 
sublimed  without  decomposition.  Palmitic  acid  stands  to  cetylic 
alcohol  in  the  same  relation  as  acetic  add  to  ordinary  alcohol,  and  may 
be  actually  procured  from  the  latter  by  oxidation :  it  resembles  in  many 
respects  mai^aric  add.  By  oxidation  by  nitric  add  spermaceti  yields 
a  large  quantity  of  suodnic  acid. 

Spermaceti  is  composed  of  C^Hg^O^  =  CjjHjjOjCjjHgiO,!  it  is 
oetylate  (palmitate)  of  oxide  of  cetyl,  and  represents  in  the  cetyl-series 
the  acetic  ether  of  the  common  alcohol-series.  According  to  the  re- 
searches of  Heintz,  the  constitution  of  spermaceti  is  less  simple.  He 
belieres  to  have  proved  that  it  is  a  mixture  of  several  homologous 
compounds,  which  are  difficult  to  separate. 

Wax. — Common  bees'-ioax,  freed  from  its  yellow  colouring  matter 
by  bleaching,  may  be  separated  by  boiling  alcohol  into  two  different 
proximate  prindples,  cerin  and  myridn.  The  first  is  a  white  crystal- 
line substance,  soluble  in  about  16  parts  of  boiling  spirit,  and  melting 
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at  1440  (62<3*2C) :  it  is  the  more  abundant  of  ihe  two.  It  is  cttsfly 
saponified  bj  a  solution  of  caustic  potassa.  According  to  Brodie  t 
valuable  experiments  it  consists  chiefly  of  oerotic  add  (C^^H^OivHO), 
which  belongs  to  the  series  of  &tty  adds  (see  page  528).  The  asone 
body  in  a  very  interesting  form  of  combination  exists  in  Chinae  war, 
which,  according  to  Brc^ie,  is  a  compound  ether  containing  oerotic 
add  combined  with  the  ether  of  oerotylic  alcohol,  C^H„0»HO.  It 
may  be  viewed  as  cerotate  of  oxide  of  oerotyl,  C^fi^Ofi^E^^O^ 
corresponding  to  the  acetic  ether  of  the  wine-alcohol  series.  When 
heated  with  potassa  it  undergoes  the  changes  peculiar  to  oompoond 
ethers,  yielding  on  the  one  hand  cerotate  of  potassa,  and  on  tbc 
other  cerotylic  alcohol.  Myricin  is  very  mudi  less  soluble  in  alcohol, 
and  rather  more  fusible.  It  is  saponiBed  with  difficulty  by  a  dilat« 
solution  of  caustic  potassa,  palmitic  add,  C3^„0„U0  (see  page  535), 
combines  with  the  potassa,  and  a  substance,  Cg^H^O^O,  belonging  to 
the  series  of  alcohols,  is  set  free,  which  has  been  termed  melissic  alcohol. 
Hence  myricin  is  likewise  a  compound  ether,  namely,  palmitate  of  azido 
of  melissyl,  C„H„0,  =  C«H„0,C8,H„0,. 

BuTTEK ;  VOLATILE  ACIDS  OP  BUTTER. — Common  butter  chiefly 
consists  of  a  solid,  crystallisable^  and  easily-fusible  fat,  a  fluid  oily  sok^ 
stance,  and  a  yellow  colouring  matter,  besides  me^^hanical  impurities,  as 
casein.  The  oily  part  appears  to  be  a  mixture  of  olein  and  a  peculiar 
odoriferous  &tty  prindple,  butyrin.  Butter  by  saponification  yields 
four  distinct  volatile  adds,  the  butyric,  the  oaproic,  the  caprylic,  and 
the  ccqmc  or  rutic:  these  are  most  easily  obtained  by  adding  an  excos 
of 'sulphuric  acid  to  the  product  of  the  saponification  of  butter  with 
potassa  or  soda,  and  distiUing.  The  add  watery  liquid  obtained  may 
then  be  saturated  with  an  alkali,  evaporated  to  a  small  bulk,  and  then 
distilled  with  excess  of  sulphuric  or  phosphorio  add  in  a  retort.  The 
mixed  adds  are  separated  by  taking  advantage  of  the  unequal  solubility 
of  their  baryta-salts :  the  less  soluble  salts  of  the  mixture  amounting 
to  about  X  of  the  whole  mass,  contain  capric  and  caprylic  adds  ;  tl^ 
larger  and  more  soluble  portion,  the  caproic  and  butyric  adds.  The 
properties  of  butyric  add  are  described  under  the  head  of  butyl-eeries. 

Caproio  acid  forms  a  colourless  liquid,  of  sp.  gr.  0*  922,  boiling  at 
318°*  4  (198^):  it  has  a  feeble  odour,  somewhat  resembling  that  of 
acetic  add,  and  is  much  less  soluble  in  water  than  butyric  add.  It 
contains  C,2Hj]0,,H0.  The  artificial  formation  of  this  add  firom 
cyanide  of  amyl  has  been  already  noticed  (see  page  521).  CapmSc 
add  has  been  submitted  to  the  action  of  the  galvanic  current ;  Messrs. 
Brazier  and  Gossleth  have  proved  that  its  effect  upon  this  add  is  analo- 
gous to  that  upon  valeric  add,  and  that  the  principal  product  is  the 
hydrocarbon  amyl  CjoHji,  previously  obtained  by  Dr.  Frankiand  by  the 
action  of  zinc  upon  iodide  of  amyl  (see  page  521). 

Caprtlic  acid  is  chiefly  remarkable  for  exhaling  a  powerful 
and  disgusting  odour  of  perspiration.  It  contains  Cj^HuOyHO.  This 
add  has  been  obtained  by  a  very  interesting  reaction,  namely,  by  the 
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ondation  of  caprylic  alcohol  disoorered  bj  M.  Boais  among  theprodacts 
of  decomposition  of  castor-oll  (see  further  on). 

Capjuc  or  rutic  acid  much  resembles  caproie :  it  has  a  mixed 
odour  of  acetic  add  and  the  smell  of  the  goat,  and  is  very  sparingly 
soluble  in  water.    Its  formala  is  CjoHj^O^HO. 

The  simple  relation  existing  between  the  formolse  of  the  volatile 
adds  of  batter,  which  are  all  membei's  of  the  series  of  fittty  adds,  has 
been  already  pointed  out  (see  page  527). 

These  adds  exist  ready  formed  in  rancid  batter  and  in  cheese,  asso- 
ciated with  valeric  add.  They  are  produced  in  small  quantity  by  the 
saponification  of  most  animal  and  some  vegetable  iats,  together  with 
other  products.  Butyric  acid  has  been  observed  also  as  a  product  of  the 
spontaneous  decomposition  of  fibrin,  and  pre-exists  in  the  l^uminous 
fruit  known  as  St.  John's  breed. 

Whale-  and  seal-oil  yield  by  saponification  a  volatile  add  greatly  re- 
sembling the  preceding,  called  pkocenie  or  delpMnic  add :  it  was  for- 
merly believed  to  be  a  peculiar  acid,  but  it  is,  according  to  recent  ex- 
periments, nothing  but  valeric  add. 

CastoRtOIL,  which  differs  in  some  respects  from  the  ordinary  vejj^ 
table  oils,  yields,  by  oxidation  with  nitric  add,  a  peculiar  product, 
namely,  a  volatile  fatty  acid,  to  which  the  term  mMndhylio  has  been 
applied.  It  forms  a  colourless,  oily  liquid  of  aromatic  odour  and 
homing  taste,  and  slightly  soluble  in  water.  It  refuses  to  solidify  at 
a  very  low  temperature,  and  cannot  be  distilled  alone  without  some 
deoomposition,  although  its  vapour  passes  over  readily  with  that  of 
water.  This  body  has  distinct  acid  properties,  forms  a  series  of  salts 
and  an  ether,  and  contains  Ci^Mj^OgtHO.  Under  the  influence  of  the 
galvanic  current  it  undeigoes  a  deoomposition  similar  to  that  of  valerio 
add,  according  to  Messrs.  Brazier  and  Gossleth,  the  prindpal  product 
being,  together  with  a  hydrocarbon  containing  equal  equivalents  of 
carbon  and  hydrogen,  an  oily  substance  CisH,,,  boiling  at  395^*6 
(202°C),  to  which  the  name  caproyl  has  been  given,  and  which  may 
be  viewed  as  the  radical  of  the  alcohol  of  caproie  acid,  CijHi^O^^^* 

Castor-oil  has  lately  become  the  source  of  a  new  alcohol  in  the 
hands  of  M.  Bouis.  According  to  his  researches,  there  is  present  in 
castor-oil  a  peculiar  oleic  add,  ricmoleic  add,  which  contains  CjgHgjOg, 
HO,  I.  tf.,  2  eq.  of  oxygen  more  than  common  oleic  add.  If  this  add, 
or  more  conveniently  castoi>oil  itself,  be  heated  with  solid  hydrate  of 
potassa,  an  oily  liquid  distils  over,  boiling  at  356*^  (180^0),  which  is 
the  alcohol  of  caprylic  acid.  It  contains  Cj0Hj,O,HO,  and  is  readily 
converted  into  caprylic  add  (see  page  538),  by  treatment  with  oxidizing 
agents.  The  residue  in  the  retort  contains  sebacate  of  potassa  (p.  54-1). 
This  transformation  is  represented  by  the  following  equation : — 

C,,H„04,H0  +2  (KO,HO)  =  2KO,Cj„HieO,  +  C,«H„0,HO  +  2H 

Ridnoleic  acid.  Sebacate  of  Caprylic 

potassa.  alcohol. 
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The  ether  corresponding  to  caprylic  alcohol  is  not  yet  known.  Conn- 
pounds,  however,  of  this  ether  with  methylic,  ethylic,  and  amjlic  etlien 
have  been  described  by  Mr.  Wills. 

The  base  corresponding  to  this  alcohol,  oc^prylamine,  has  been  th" 
tained  by  Mr.  Sqnire  and  M.  Cahonrs.  It  contains  C|^„N.  (See 
farther  on,  the  section  on  the  Organic  Bases.) 

The  adds  derived  from  batter  and  from  castor-oil  are  also  produced, 
together  with  formic,  acetic,  and  propionic  adds,  by  the  action  of  nilxie 
acid  upon  oleic  acid.  This  reaction  furnishes,  moreover,  an  add  not 
contained  in  butter,  but  closely  allied  to  the  butter  acids.    This  acid  b 

pELAitQONic  ACID,  C,gHj.O„HO,  which  occupies  the  place  between 
caprylic  and  capric  add.  It  is  a  liquid  of  a  slightly-disagreeable  odoor, 
which  boils  at  500<^  (260^0).  It  was  first  obtained  from  the  leaves  of 
the  geranium  {Pelargonium  roseum),  in  which  it  exists  ready  formed. 
It  may  be  procured  in  larger  quantity  by  the  action  of  nitric  add  npoD 
the  essential  oil  of  rue  (see  further  on).  The  ether  of  pelaigonic  acid 
may  be  easily  produced  by  dissolving  the  add  in  strong  alcohol,  and 
passing  a  current  of  hydrochloric  add  through  the  solution.  This 
ether  contains  Cj^H^O^  =  AeO,Ci9H,70, :  its  specific  gravity  is  0  *  862  : 
its  boiling  point  482°  (250°C).  It  possesses  a  powerful  and  a  most  in- 
toxicating vinous  odour. 

The  aroma  possessed  by  certain  wines  appears  to  be  due  to  the  preseooe 
of  the  ether  of  pelargonic  acid,  which,  in  this  case,  is  probably  gene» 
rated  during  fermentation.  When  such  wines,  or  the  residues  of  their 
fermentation,  are  distilled  on  the  lai^  scale,  an  oily  liquid  passes  over 
towards  the  close  of  the  operation,  which  consists,  in  great  measure,  of 
the  crude  ether :  it  may  be  purified  by  agitation  with  solution  of  car- 
bonate of  potassa,  freed  from  water  by  a  few  fragments  of  chloride 
of  caldum,  and  redistilled.  The  pelargonic  ether  obtained  by  this 
process  was  originally  described  as  oenanthic  ether,  and  the  acid  as 
omanthic  add.  We  prefer  the  name  pelargonic  add,  in  order  to  dis- 
tinguish this  substance  better  from  oenanthylic  add,  C,4H,gO,,HO. 

SncciNio  ACID,  C^lifl^2K0,—T\M  add  is  found  ready  formed  in 

amber  and  occasionally  in  the  animal  system ;  it  is  produced  by  the 

fermentation  of  many  organic  substances,  such  as  malic  and  aoomitie 

'acids,  in  small  quantities  also  in  the  alcoholic  fermentation  of  sugar 

(see  page  446),  and   lastly,  by  oxidizing   stearic   add   and  mar- 

garic  acid  by  means  of  nitric  add.      The  method  most  frequently 

employed  for  preparing  suoanic  add  consists  in  heating  amber  in  iron 

retorts  and  evaporating  the  distillate,  when  the  add  is  obtained  in 

coloured  crystals,  which  may  be  purified  by  ti^eatment  with  nitric  acid 

and  recrystallization  from  boiling  water.     The  preparation  of  sucdnic 

add  from  malic  add  by  fermentation  will  be  found  described  und^  the 

head  of  malic  add.    Quite  recently  Mr.  Maxwdl  Simpson  has  observed 

the  formation  of  sucdnic  add  under  remarkable  drcnmstanoes:  this 

add  is  produced  by  treating  cyanide  of  ethylene  with  alcoholic  solution 

of  potash,  C4H4(^,H-2KO,HO+4HO  =  C,H^0^2KO-h2NH^  or  with 
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nitric  add,  or  by  digesting  it  with  hydrochloric  acid  in  a  sealed  tabe  at 
212°  (lOO^C),  C^H4Cya+2HCH-8HO=C,H,0„2HO+2NH,Cl.  It 
crystallizes  in  ooIourleM  oblique  rhombic  prisms,  which  dissolve  in 
5  parte  of  cold,  and  in  3  parts  of  boiling  water :  it  fuses  at  356°  ( 1 80°C), 
and  boils  at  455°  (235°C),  at  the  same  time  undergoing  decomposition 
into  succinic  anhydride  and  water.  The  remarlcable  formation  of 
succinic  acid,  from  malic  and  tartaric  acids,  and  its  transformation  into 
tartaiic  acid,  will  be  mentioned  further  on. 

Suberic  and  sebacig  acidb. — Suberic  acid  has  long  been  known 
as  a  product  of  the  oxidation  of  cork  by  nitric  acid,  iiecently  it  has 
been  produced  together  with  succinic  acid  by  the  long-continued  action 
of  nitric  add  upon  stearic  and  mai^ric  acids.  Suberic  add  is  a  white 
crystalline  powder,  sparingly  soluble  in  cold  water,  fusible  and  volatile 
by  heat ;  it  contains  Cifiifi^2H0,  Sebadc  add  is  a  constant  pro- 
duct of  the  destructive  distillation  of  oleic  add,  olein,  and  all  fatty 
sabstanoes  containing  those  bodies :  it  is  eictracted  by  boiling  the  dis- 
tilled matter  with  water :  it  has  also  been  lately  formed  by  the  action 
of  potassa  on  castor-oil  (see  page  539 >  It  forms  small  pearly  crystals 
resembling  those  of  benzoic  add.  It  has  a  faintly-add  ta&te,  is  bat 
little  soluble  in  cold  water,  melts  when  heated,  and  sublimes  un- 
changed.    Sebadc  add  is  composed  of  C^fi.ifi^2\iO, 

Sucdnic,  suberic,  and  sebadc  acid  belongs  to  a  series  of  homologous 
blbasic  acids,  of  which  oxalic  add  is  the  type.  This  series,  which  in- 
dudes,  moreover,  adipic  and  pimelic  adds,  two  substances  produced  by 
the  action  of  oxidizing  acents  upon  fatty  bodies,  but  not  yet  fully 
examined,  and  anchoic  acid,  lately  observed  by  Mr.  Buckton  among  the 
products  of  oxidation  of  Chinese  wax,  runs  parallel  with  the  series  of 


Monobasic  Acids, 

Bibaaic  Acids, 

Formic  add   .     . 

C,H  0„H0 

Acetic  add 

C^  H,  0,30 

Oxalic  add  .     . 

C,       Oe,2HO 

Propionic  add     . 

C.  H,  0„H0 

? 

C,HjO«,2HO 

Butyric  acid    . 

C,  H,  0„H0 

Succinic  add     . 

C,  H^  0.,2H0 

Valeric  acid 

C„H,0„HO 

Pyrotartaric  add 

CjA  0„2H0 

Caproio  add    . 

C„HnO„HO 

Adipic  acid 

C„H,  0«,2H0 

(Enanthylic  add  . 

C,,H„0„HO 

Pimelic  acid    . 

CmH„0„2H0 

Caprylic  acid  . 

C,^yO„HO 

Suberic  acid 

CwHi20..2H0 

Pelargonic  acid    . 

C„H„0,30 

Anchoic  acid  . 

C,JH„0„2H0 

CSapric  or  rutic  ^ 
add      .     .     J 

cyau,o,3o 

Sebadc  acid 

C«,H„0e,2H0 

Cholestebin. — This  substance  is  found  in  small  quantity  in 
varioos  parts  of  the  animal  system,  as  in  the  bile,  in  the  brain  and 
nerves,  and  in  the  blood :  it  forms  the  chief  ingredient  of  bUiary  ood- 
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culif  from  which  it  is  easily  extracted  by  boiling  the  powdered  gall- 
stones in  strong  alcohol,  and  filtering  the  solation  while  hot ;  on  cool- 
ing, the  diolesterin  crystallizes  in  brilliant  colourless  plates.  It  has 
the  character  of  a  fat,  is  insoluble  in  water,  tasteless  and  inodorons : 
it  is  freely  soluble  in  boilinfr  spirit,  and  also  in  etber.  It  altogether 
resists  saponification.  Cholesterin  melts  at  278^*6  (137^),  and  ooo* 
tains  probably  C^figfit  or  C5jH4^0j. 

Cantharidin,  Ihe  active  principle  of  the  Spanish  fiy,  may  be  here 
mentioned.  It  is  a  colourless,  crystallizable,  fatty  body,  exbacted  by 
ether  or  alcohol  from  the  insect :  it  is  insoluble  in  water  and  dilate 
acids,  and  volatile  when  strongly  heated.  The  vapour  attacks  th«  eyes 
in  a  very  painful  manner.    C^tharidin  contains  CjoH^O^. 


BITTEB-ALVOND  OIL  AND  ITS  PB0DUCT8. 
BENZOTL  SEBIE8. 

The  volatile  oil  of  bitter  almonds  possesses  a  verv  high  de^frree  of 
interest,  from  its  study  having,  in  the  hands  of  ^M.  Liehig  and 
Wohler,  led  to  the  first  discovery  of  a  compound  organic  body  capable 
of  entering  into  direct  combination  vrith  elementary  principles,  as 
hydrogen,  chlorine,  and  oxygen,  and  playing  in  some  degree  the  part  of 
a  metal.  The  oil  is  supposed  to  be  the  hydride  of  a  salt-basyle,  ooo- 
taining  C14H5O2,  called  benzoyl,  from  its  relation  to  benzoic  add, 
which  radical  is  to  be  traced  throughout  the  whole  series :  it  haa  been 
isolated,  and  will  be  described  among  the  products  of  distillation  of  the 
benzoatee. 

Table  of  Benzoyl-Oompounds* 

Benzoyl,  symbol  Bz      .        .        .        .  Ci^H^O, 

Hydride  of  benzoyl ;  bitter-almond  oil .  Cifl fifi 

Oxide  of  benzoyl ;  anhydrous  benzoic  acid  Cififl fi 

Hydrated  oxide  of  benzoyl ;  benzoic  add  .  CififififVlO 

Chloride  of  benzoyl     ....  CiJB.fi fii 

Bromide  of  benzoyl        ....  Cifififir 

Iodide  of  benzoyl        ....  Cj^H^O^ 

Sulphide  of  benzoyl        ....  Ci^H^O^S 

Benzoic  alcohol .  .        .        .  C,4H,0,H0 

Htdbide  of  benzoyl;  bitteb-alxond  OIL;  BzH. — This  sab- 
stance  is  prepared  in  large  quantities,  prindpally  for  the  use  of  the 
perfumer,  by  distilling  with  water  the  paste  of  bitter  almonda,  from 
whidi  the  fixed  oil  hu  been  expressed.    It  certainly  does  not  pr»>czisl 
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in  the  almonds :  the  fat  oil  obtained  from  them  by  presBore  is  abso- 
lutely free  from  every  trace  of  this  principle ;  it  is  formed  by  the 
action  of  water  upon  a  peculiar  crystallizable  sabstanoe,  hereafter  to 
be  described,  called  amygdaiin,  aided  in  a  very  extraordinary  manner 
by  the  presence  of  the  pulpy  albuminous  matter  of  the  seed.  The 
crude  oil  has  a  yellow  colour,  and  contains  a  very  considerable  quan- 
tity of  hydrocyanic  acid,  the  origin  of  which  is  contemporaneous  with 
that  of  the  oil  itself:  it  is  agitated  with  dilute  solution  of  protochloride 
of  iron  mixed  with  hydrate  of  lime  in  excess,  and  the  whole  subjected 
to  distillation  ;  water  passes  over,  accompanied  by  the  purified  essential 
oil,  which  is  to  be  left  for  a  short  time  in  contact  with  a  few  fragments 
of  fused  chloride  of  calcium  to  free  it  from  water. 

Pure  hydride  of  benzoyl  is  a  thin,  colourless  liquid,  of  great  re* 
fractive  power,  and  peculiar  and  very  agreeable  odour :  its  density  is 
1  '043,  and  its  boiling-point  356°  (180^)  :  it  is  soluble  in  about  30 
parts  of  water,  and  is  misdble  in  all  proportions  with  alcohol  and 
ether.  Exposed  to  the  air,  it  greedily  absorbs  axyeen,  and  becomes 
converted  into  a  mass  of  crystallized  benzoic  acid.  Heated  with  solid 
hydrate  of  potassa,  it  disengages  hydrogen,  and  yields  benzoate  of  the 
base.  With  the  alkaline  bisulphites  it  forms  beantiful  crystalline 
compounds.  The  vapour  of  the  oil  is  inflammable,  and  bums  with 
a  bright  flame  and  much  smoke.  It  is  very  doubtful  whether 
pure  bitter-almond  oil  is  poisonous ;  the  crude  product,  sometimes 
used  for  imparting  an  agreeable  flavour  to  puddings,  custards,  &c., 
and  even  publicly  sold  for  that  purpose,  is  in  the  highest  degree 
dangerous. 

Oil  of  bitter  almonds  by  the  action  of  sodium  amalgam  is  readily 
transformed  into  benzoic  alcohol  (see  further  on). 

If  oil  of  bitter-almonds  be  treated  with  pentachloride  of  phosphoms, 
an  oily  liquid  i»  produced,  boiling  at  40Sr-8  (206°G),  which  contains 

"  •    **        .  C„H.O,+PCl.  =  PCl,0,+CuH.Cl,. 

This  compound  representa  in  the  benzoyl*  series  the  Dntdi-liquid  of 
the  ethyl-eeries ;  and  recent  experiments  of  Wicke  have  proved  that 
this  chloride,  when  distilled  with  acetate  of  silver,  furnishes  a  crystal- 
line acetate  o(»itaining 

^ss^ij^s  =  Ci4HjOf,2C4HjO|. 

Oxide  ot  bekzotl;  bbnzoio  acid;  BzO,HO. — This  is  the 
sole  product  of  the  oxidation,  at  a  moderate  temperature,  of  bitter- 
almond  oil:  it  is  not,  however, |  thus  obtained  for  the  purposes  of 
experiment  and  of  pluumacy.  Several  of  the  balsams  yield  benzoic 
add  in  great  abundance,  more  especially  the  concrete  resinous  variety 
known  under  the  name  of  ffum^benzoin.  When  this  substance  is 
exposed  to  a  gentle  heat  in  a  subliming  vessel,  the  benzoic  acid  is 
volatilized,  and  may  be  condensed  by  a  suitable  arrangement.     The 
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Fig.  188. 


simplest  -and  most  efficient  appantas  for  this  and  all  similar 
tions  is  the  oontrivaiioe  of  Dr.  Mohr :   it  consists  of  a  shallow 

pan,  over  the  hoitom  oi^  which  the   sab- 
stance  to  be  sublimed  is  thinljr  spread  ;  « 
sheet  of  bibulous  paper,  pierced  witl&  a 
number  of  pin-holes,  is  then  stretched  oxer 
the  yessel,  and  a  cap  made  of  thi(^,  stronc 
drawing  or  cartridge-paper,   secored  \>y  a 
string  or  hoop  over  the  whole.     The  pan  is 
pUced  upon  a  sand-bath,  and  slowly  heated 
to  the  requisite  temperature;  the  TELponr 
of  the  acid  condenses  in  the  cap,  and   tbe 
crystals  are  kept  by  the  thin-paper  diagram 
from  foiling  back  again  into  the  pan.   %^q- 
zoic  add  thus  obtained  assumes  the  form  of 
light,  feathery,  colourless  crystals,  which  exhale  a  fragrant  odour,  not 
belonging  to  the  acid  itself,  but  due  to  a  small  quantity  of  vidatile  oil. 
A  more  productive  method  of  preparing  the  add  is  to  mix  the  powdered 
gum-benxoin  very  intimately  with  an  equal  weight  of  hydrate  of  lime, 
to  boil  this  mixture  with  water,  and  to  decompose  the  filtered  solutioD, 
concentrated  by  evaporation  to  a  small  bulk,  with  excess  of  hydro- 
diloric  add;   the  benzoic  add  crjrstallizes  out  on  oooling  in   thin 
plates,  which  may  be  drained  upon  a  doth  filter,  pressed,  and  dried 
in  the  air.     By  sublimation,  which  is  then  effected  with  trifling  loos, 
the  acid  is  obtained  perfectly  white. 

Benzoic  add  is  inodorous  when  cold,  but  acquires  a  faint  smell 
when  gently  warmed :  it  melts  just  below  212°  (100°C),  and  sub- 
limes at  a  temperature  a  little  above;  it  boils  at  462''  (238'''8C) 
and  emits  a  vapour  of  the  density  of  4 '  27.  It  dissolves  in  about  200 
parts  of  cold,  and  25  parts  of  boiling  water,  and  with  great  facility  in 
alcohol.  Benzoic  acid  is  not  affected  by  ordinary  nitric  add,  even  at 
a  boiling  heat.  The  crystals  obtained  by  sublimation,  or  by  the 
oooling  of  a  hot  aqueous  solution,  contain  an  equivalent  of  water, 
which  is  basic,  Ci4H50„HO.  M.  Gerhardt  has  succeeded  in  obtain- 
ing anhydrous  benzoic  acid,  C^^H^O,.  This  substance  crystallizes  in 
beautiful  oblique  prisms,  which  fuse  at  91°* 4  (33°C),  and  are  so- 
luble in  alcohol  and  ether,  but  insoluble  in  water.  Boiled  with  water 
it  is  gradually  converted  into  common  benzoic  add.  The  mode  of  fior- 
mation  of  this  substance  is  mentioned  under  Chloride  of  Benzoyl,  see 
page  549. 

All  the  benzoates  have  a  greater  or  less  degree  of  solubility:  they 
are  easily  formed,  either  directly  or  by  double  deoompositioa.  Be^ 
zoates  of  the  alkalia  and  of  mnmonia  are  very  soluble,  and  somewhat 
difficult  to  crystallize.  Benzoaie  cf  lime  forms  groups  of  small  colour- 
less needles,  which  require  20  parts  of  cold  water  for  solution.  The 
salts  of  baryta  and  strontia  are  soluble  with  difficulty  in  the  ooid. 
Neutral  benzoate  of  the  sesquioonde  of  iron  is  a  soluble  compound ; 
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l>Qt  the  basic  salt  obtained  by  neutralizing  as  nearly  as  possible  by 
ammonia  a  solution  of  sesqaioxide  of  iron,  and  then  adding  benzoate 
of  amxnoaia,  is  quite  insoluble.  Sesqaioxide  of  iron  is  sometimes  thus 
separated  from  other  metals  in  quantitative  analysis.  Neutral  and  basic 
h^zoate  of  lead  are  fi'eely  soluble  in  the  cold.  Benzoate  of  silrer 
oystallizes  iu  thin  ti*ansparent  plates,  which  blacken  on  exposure  to 
licrht. 

NiTBOBENZOiC  ACID. — When   benzoic  acid   is  boiled   for  several 
boars  with  fuming  nitric  acid,  it  yields  a  new  acid  body,  in  which  the 
elements  of  hyponitric  acid  are  substituted  for  an  equivalent  of  hydrogen 
of  the  originid  benzoic  acid.     Nitrobenzoic  acid  greatly  resemble  benzoic 
acid  in  character,  and  conUins  C,4H4N0.,H0 =Ci/H^N04)0j„H0.    The 
remarkable  transformation  of  the  amide  of  this  acid,  of  nitrobemamidet 
-will  be  noticed  under  the  head  of  aniline.     The  continued  action  of  nitric 
acid  gives  rise  to  the  formation  of  a  second  acid,  called  binitrobenzoic  acid, 
and  containing  C14  { H3(N04)s  J  Oj.HO.     By  the  action  of  reducing 
agents,  such  as  sulphide  of  ammonium,  nUrobenzoic  and  binitrobemoic 
ociVI  are  converted  into  canidobenzoic  acid,  Cj^H^N 0^,110  and  biamidoben- 
zoic  acid,  C^iH^NgOgjIIO.     This  mode  of  transformation  is  more  fully 
considered  under  the  head  of  aniline.     An  alcoholic  solution  of  amidoben- 
zoic  acid,  when  submitted  to  the  action  of  nitrous  acid,  undergoes  an 
Interesting  change.     Two  equivalents  of  amidobenzoic  acid  lose,  in  the 
form  of  water,  3  eq.  of  hydrogen,  which  are  replaced  by  1  eq.  of  nitro- 
gen, a  new  bibasic  acid  of  the  formula  CjsHiiNgO,  being  produced. 

2(C„HeN0^H0)  +  N0,  =  C2eH.^%0.,2HO+3HO. 

This  substitution  of  nitrogen  for  hydrogen  was  first  obsen'ed  by 
M.  P.  Griess,  who  has  since  proved  that  this  reaction  is  capable  of 
very  general  application. 

Chlorobekzoic  acid,  C14H3CIO2. — This  substance  is  obtained  by 
treatment  of  benzoic  acid  with  chlorate  of  potassa  and  hydrochloric 
acid.  Acids  having  the  same  composition  are  produced  by  the  action 
of  chlorine  upon  benzoic  acid  in  sunlight,  and  also  by  distilling  sul- 
phobenzoic  acid,  salicylic  acid,  or  hippuric  acid  with  pentachloride  of 
phosphorus,  and  boiling  the  distillate  with  water.  The  acids  obtained 
by  these  several  methods,  however,  differ  in  their  properties.  By  treats 
ing  chlorobenzoic  acid  with  sodium  amalgam,  and  water,  M.  Kolbe 
obtained  an  add  isomeric  with  benzoic  acid,  bearing  in  general  a  great 
resemblance  to  this  substance,  but  differing  in  some  essential  particulare. 
This  add,  which  he  calls  salylic  acid,  fuses  at  246° '2  (119''0):  its 
salts  are  somewhat  more  soluble  in  water  than  those  of  benzoic  add, 
and  difier  from  them  in  some  of  their  properties. 

SiTLPHOBENZOiC  ACID. — Benzoic  add  is  soluble  without  change  in 
concentrated  oil  of  vitriol,  and  is  precipitated  by  the  addition  of  water : 
it  combines,  however,  with  anhydrous  sulphuric  acid,  generating  a 
compound  acid  analogous  to  sulphovinic,  but  bibasic,  forming  a  neutral 
and  an  acid  series  of  salts.     The  baryta-compound  is  easily  prepared 

2k 
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hj  dissolviDg  in  water  the  viscid  mass  produced  hj  the  union  of  the  two 
bodies  and  saturating  the  solution  with  carbonate  of  baryta.  On  adding 
hydrochloric  acid  to  the  filtered  liquid,  and  allowing  the  whole  to  coot 
acid  sulphobenzoate  of  baryta  crystallizes  out.  This  salt  has  an  acid 
reaction,  and  requires  20  pai-ts  of  cold  water  for  solntion :  the  neutral 
salt  is  much  more  soluble.  The  hydrated  acid  is  easily  obtained  by 
decomposing  the  sulphobenzoate  of  baryta  by  dilute  sulphuric  acid :  it 
forms  a  white,  crystalline,  deliquescent  maK,  yeiy  stable  and  pennaoent, 
which  contains  C\^H^Oj,2S03,2HO. 

Benzone,  benzophenone. — ^When  drybenzoateof  lime  is  distilled 
at  a  high  temperature,  it  yields  a  thick,  oily,  colourless  liquid,  of 
peculiar  odour.  This  is  a  mixture  of  several  compounds,  from  which, 
however,  a  a'ystalline  substance,  €,,11^0,  or  C^fi^ft^  may  be  isolated^ 
to  which  the  name  benzfme  or  bemophisnone  has  been  given.  Car- 
bonate of  lime  remains  in  the  retort :  the  i^eaction  is  thus  perfei^y 
analogous  to  that  by  which  acetone  is  produced  by  the  distiUatkn  of  a 
dry  acetate. 

CAO,Cifi  fit  -  C^fifi+C&0,CO^ 

Benzophenone  is,  however,  always  accompanied  by  6ec(Hidar7  pro- 
ducts, due  to  the  irregular  and  excessive  temperature,  solid  hydrocar- 
bons, carbonic  oxide,  and  beiuol,  a  body  next  to  be  deacribed. 

Benzophenone  may  be  viewed  as  a  compound  of  benzoyl  with  the 
radical  phenyl  Cj^H^ ;  its  constitution  then  becomes  perfectly  analc^us 
to  that  of  acetone. 

Benzophenone.  Acetone. 

.  Benzoyiphenyl  CnHsOyC^H,        Ethyl-methyl  C^H^O^  C,H,. 

Benzol,  or  Benzine. — If  crystallized  benzoic  acid  be  mixed  with 
three  times  iU  weight  of  hydrate  of  lime,  and  the  whole  distilled  at  a 
temperature  slowly  raised  to  redness  in  a  glass  or  earthen  retort, 
water,  and  a  volatile  oily  liquid  termed  benzolt  pass  over,  while 
carbonate  of  lime,  raized  with  excess  of  hydrate  of  lime,  remains  in  the 
retort.  The  benzol  separated  from  ihe  water,  and  rectified,  forms  a 
thin,  limpid,  colourless  liquid,  of  strong  agreeable  odour,  insoluble  in 
water,  but  miscible  with  alcohol,  having  a  density  of  0*885,  and 
boiling  at  176°  (80°C):  the  sp.  gr.  of  ite  vapour  is  2* 738.  Cooled 
to  32^(0°C;,  it  solidifies  to  a  white,  crystalline  mass.  Benzol  oontaios 
carbon  and  hydrogen  only,  in  the  proportion  of  2  eq.  of  the  former  to  1 
of  the  latter,  or  C^j^s*  ^^  '^  produced  by  the  resolution  of  benzoic  add 
into  benzol  and  carbonic  acid,  the  ^ater  taking  part  in  the  reaction. 

CuH«0,=C,JH«+2C0,. 

Benzol  is  identical  with  the  bicarbide  of  hydrogen,  discovered  many 
years  ago  by  Mr.  Faraday  in  the  curious  liquid  condensed  during  the 
compression  of  oil -gas,  of  which  it  forms  the  great  bulk,  being  aasoct- 
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ated  with  an  excessively  rolatile  hydrocarbon,  ooutaining  carbon  and  hy- 
drogen in  the  ratio  of  the  equivalents,  the  rapour  of  which  required  for 
condensation  a  temperature  of  0^  ( — 17^*70).  This  is  the  substance 
which  has  been  described  under  the  name  of  butylettej  when  treating  of 
botylic  alcohol  (see  page  518),  and  valeric  acid  (see  page  523). 

A  copious  source  of  benzol  has  been  shown  by  Mr.  Mansfield  to  exist 
in  the  lightest  and  most  volatile  portions  of  coal-tar  oil,  which  will  be 
noticed  in  its  place  under  the  head  of  that  substance. 

SnxPHOBENziDE  AND  8ULPH0BEKZOL1C  ACID. — Benzol  oombincs 
directly  with  anhydrous  sulphuric  acid  to  a  thick  viscid  liquid,  soluble 
in  a  small  quantity  of  water,  but  decomposed  by  a  larger  portion,  with 
sejmi'ation  of  a  crystalline  matter,  the  sulphdenzide^  which  may  be 
washed  with  water,  in  which  it  is  nearly  insoluble,  dissolved  in  ether, 
and  left  to  crystallize  by  spontaneous  evaporation.  It  is  a  colourless, 
transparent  substance,  fusible  at  212°  (lOO^C),  bearing  distillation 
without  change,  and  resisting  the  action  of  acids  and  oUier  energetic 
chemical  agents.  Sulphobenzide  contains  CijHjSO,.  It  may  be 
viewed  as  benzol  in  which  1  eq.  of  hydrogen  has  l^n  replaced  by 
1  eq.  of  sulphurous  add.  The  acid  liquid  from  which  the  preceding 
sdbstance  has  been  separated,  neutralized  by  carbonate  of  baryta  and 
filtered,  yields  svUphchenzoUxte  of  baryta,  which  is  a  ^luble  salt,  but 
crystallizes  in  an  imperfect  manner.  By  double  decomposition  with 
sulphate  of  copper,  a  compound  of  the  oxide  of  that  metal  is  obtained, 
which  forms  fine,  large,  regular  crystals.  The  hydrate  of  sulpho- 
benzolic  add  is  prepared  by  decomposing  the  copper-salt  with  sul- 
phuretted hydrogf^n:  a  sour  liquid  is  obtained,  which  furnishes,  by 
evaporation,  a  crystalline  residue,  containing  C|2H5,S024-HO,SO^  or 
C|,H0,2SO,.  The  salts  of  potassa,  soda,  ammonia,  and  of  the  oxides 
of  zmc,  iron,  and  silver,  crystallize  freely.  This  compound  add  can 
be  prepared  by  dissolving  benzol  in  Nordhausen  sulphuric  add.^  The 
long-continued  action  of  Nordhausen  acid  converts  benzol  into  a  second 
add,  containing  Ci^^^^^SO^,  called  disulpkobemoHc  acid. 

NiTBOBENZOL.-— -Ordinary  nitric  add,  even  at  a  boiling  temperature, 
has  no  action  on  benzol :  the  red  fuming  add  attacks  it  with  great 
violence.  The  product,  on  dilution,  throws  down  a  heavy,  oily, 
yellowish,  and  intensely-sweet  liquid,  which  has  an  odour  resembling 
that  of  bitter-almond  oil.  Its  density  is  1-209:  it  boils  at  416° 
(212° -80),  and  distils,  but  not  without  being  slightly  changed.  It 
is  but  little  affected  by  adds,  alkalis,  or  chlorine,  and  is  quite  in- 
soluble in  water.  Nitrobenzol  contains  CjjHjNO^,  and  may  be 
viewed  as  benzol,  in  which  1  eq.  of  hydrogen  is  replaced  by  1  eq, 
of  hyponitric  add.  When  nitrobenzol  is  heated  with  an  alcoholic 
solution  of  caustic  potassa,  and  the  product  subjected  to  distillation, 
a  red  oily  liquid  passes  over :  this  is  a  mixture  of  several  substances 
from  which,  on  cooling,  lai^  red  crystals  separate,  which  are  nearly 
insoluble  in  water,  but  dissolve  with  facility  in  ether  and  alcohol. 
This  compound,  which  is  called  azdbenzol,  melts  at  149°  (65°C),  and 
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boik  at  559**' 4  (293*C)  :  it  oontains  Ci^H^y,  or  C«H„N^     Tofretl« 
with  the  azobenzol  an  oil  is  produced,  which  ocntains  Ci^H^,  and 
haa,  lilce  ammonia,  the  power  of  combining  with  acids.      It  haa  reodTed 
the  name  of  amline,  and  will  be  deacribed  in  the  aection  on  Organic  Baaek 
The  reaction  which  gives  rise  to  azobenzol  and  aniline,  in  this  esse,  ii 
not  yet  perfectly  understood,  seTeral  other  substances,  oxalic  acid  for 
instance,  being  simultaneously  produced,  and  a  laiige  qnantaty  of  nitn>> 
benzol  bdng  charred,    l^itrobenzol  may,  howerer,  be  entirely  oonrerted 
into  aniline,  by  a  most  el^ant  process,  dtscoTered  by  Zioin,  namdy,  by 
the  action  of  sulphide  of  ammonium,  which  will  be  notioed  when  treat- 
ing of  aniline. 

BiNiTBOBEHZOL. — ^If  bcuzol  is  dissolved  in  a  mixtui^  of  equal 
volumes  of  concentrated  nitric  and  sulphuric  adds,  and  the  liquid  be 
boiled  for  some  minutes,  it  soIidiBes  on  cooling  to  a  mass  of  crystals, 
which  are  easily  fusible,  insoluble  in  water,  and  readily  solaUe  in 
alcohol.  They  contain  C„H«Ns08=C,t  {H/NO^),},  and  may  be 
viewed  as  benzol,  in  which  2  eq.  of  hydrogen  are  replaced  by  2  eq.  of 
hyponitric  acid. 

Benzol  and  chlorine  combine  when  exposed  to  the  rays  of  the  sun: 
the  product  is  a  solid,  crystalline  fusible  substance,  insoluble  in  water, 
containing  Ci^HfCl,,  called  chlorobenzoL  When  this  .  substance  is 
distilled,  it  is  decomposed  into  hydrochloric  acid,  and  a  volatile  liquid, 
chhrohenzide,  composed  of  Ci^HgCl,.  By  the  treatment  of  boizol 
with  chlorine  at  the  ordinary  temperature  and  in  diffused  light  M.  Fittig 
obtains  monochlorobenzol,  C12H5CI,  which  with  sodium  yields  phenyl, 
C^fifil  +  Na  =  CiaH,  +  NaCl.  Phenyl  crystallizes  in  large  trans- 
parent plates,  insoluble  in  water,  but  easily  soluble  in  alcohol  and  in 
ether. 

In  its  chemical  relations,  benzol  exhibits  the  character  of  a  substance 
analogous  to  hydride  of  methyl  (marsh-gas),  hydride  of  ethyl,  and 
hydride  of  amyl. 

Benzol        .        .        .    C^fifi  =  Hydride  of  phenyl. 
Sulphobenzol   .        .        C^H^SO, 
Nitrobenzol         .        .    C12H5NO4 

The  alcohol  belonging  to  this  hydride  is  known:  it  contains 
CijHgO,  =  CijHaOjHO,  and  will  be  described  among  the  volatile 
principles  of  coai>tar.  ' ' ' 

Chloride  of  benzoyl,  BzCl. — ^This  compound  is  prepared  by 
passing  dry  chlorine  gas  through  pure  bitter-almond  oil,  as  long  as 
hydrochloric  acid  continues  to  be  formed :  the  excess  of  chlorine  is  then 
expelled  by  heat.  Chloride  of  benzoyl  is  mach  more  readily  obtained 
by  the  action  of  pentachloride  of  phosphorus  upon  benzoic  add 

CmH  A  -f  pa,  =  C^fififil  +  PC1,0,  +  HCl 

',    Equivalent  quantities  of  both  substances  are  mixed  and  thai  gently 
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Keated,  a  brisk  reaction  ensues,  hydrochloric  acid  is  tvolved,  while 
ozychloride  of  phosphorus  distils  orer,  when  the  temperature  rises  to 
385°  (196^,  the  receiver  is  changed,  and  the  chloride  of  benzoyl, 
-whidi  passes  over  at  that  temperature,  collected  separately.  It  is  a 
colourless  liquid  of  peculiar,  disagreeable,  and  pungent  odour:  its 
density  is  1  *  106.  The  yapour  is  inHammable,  and  bums  with  a  tint 
of  green :  its  density  is  4*987.  It  is  decomposed  slowly  by  cold,  and 
quickly  by  boiling  water,  into  benzoic  and  hydrochloric  acids:  with 
an  alli^Iine  hydrate,  benzoate  of  the  base,  and  chloride  of  the  metal, 
are  generated. 

Chloride  of  benzoyl  has  become  very  interesting  on  account  of  the 
important  researches  of  Gerhardt,  who  succeeded  by  the  aid  of  this 
substance  in  obtaining  anhydrous  benzoic  acid.  This  compound  is 
produced  by  the  actico  of  chloride  of  benzoyl  upon  benzoate  of  soda. 

yaCCnHaO,     +     C.AOjCl     =     NaCl     +     2C^JI£,. 

Benzoate  of  Chloride  of         Chloride        Anhydrous 

soda.  benzoyl.  of  benzoic 

sodium.  acid. 

This  reaction  is  of  considerable  interest,  since  it  is  of  general  appli- 
cation for  the  separation  of  anhydrous  acids ;  and  has  furnished  already 
a  very  large  number  of  new  Ijodies.  If  chloride  of  benzoyl  is  made  to. 
act  tipon  the  soda-salt  of  another  organic  acid,  peculiar  anhydrous 
doable  acids  are  produced.  Thus  chloride  of  benzoyl  and  valerate  of 
soda,  when  heated  together,  furnish  an  oily  liquid  of  a  pungent  odour, 
which  excites  tears. 

yaO,C,oH»0,     +    C„H,0,C1      =      NaCl     +     C.oH^OgC^AO,. 

Valerate  of  Chloride  of  Chloride  Anhydrous 

soda.  benzoyl.  of  valero-benzoic 

sodium.  acid. 

When  submitted  to  distillation,  valero-benzoic  acid  splits  into  anhy- 
drous benzoic  and  valeric  acids.  The  latter  is  a  colourless  liquid  which 
boils  at  419^  (215^C).  Gerhardt  is  of  opinion  that  the  so-called 
anhydrous  adds,  obtained  by  his  process,  are  far  from  being  the  anhy- 
drous acids  which  chemists  are  in  the  habit  of  assuming  in  the  salts. 
He  considers  them  as  a  sort  of  saline  bodies,  as  the  common  hydrate, 
in  whid)  the  hydrogen  is  replaced  by  an  organic  radical. 

Hydrated  benzoic  acid         .  {C^Jtlfi^)0,llO, 

Benzoate  of  soda    .        .  (Ci^H40a)0,NaO. 

Benzoate  of  benzoyl   .        .  (C„H40,)0,(C,4H,000. 
(Anhydrous  benzoic  acid^ 
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Valepo-benzbic  acid         .  (C,^H50,)0.(C,^H,O,)0. 

Hydrated  valeric  acid         .  {C^^Efi^yOyBO. 

Valerate  of  soda    .        .  (CioH,Oj)0,NaO. 

Valerate  of  valeryl     .        .  (C,oHeO,X),(CioH,0,)0. 
(Anhydrous  valeric  acid) 

Benzamide. — When  pure  chloride  of  benzoyl  and  dry 
gas  are  presented  to  each  other,  the  ammonia  is  ene^ticEdly  absoitei, 
and  a  white,  solid  substance  produced,  which  is  a  mixture  of  sal- 
ammoniac  and  a  highly-interesting  body,  beTuanUde.  The  salnun- 
raoniao  is  removed  by  washing  with  o(dd  water,  and  the  benzamide 
dissolved  in  boiling  water,  and  left  to  crystallize.  It  forms  oolomiess, 
transparent,  prismatic,  or  plaiy  crystals,  fusible  at  239°  (115^),  and 
volatile  at  a  higher  temperature.  It  is  but  slightly  solable  in  cold, 
freely  in  boiling  water,  ^so  in  alcohol  and  ether.  Benzamide  corre- 
sponds to  oxamide,  both  in  composition  and  properties:  it  contains 
Oj^H^NOj  =  C^^Ufi^HH^y  or  benzoate  of  oxide  of  ammoniom,  minus 
2  eq.  of  water,  and  it  suffers  decomposition  by  both  acids  and  alkaline 
solutioua,  yielding,  in  the  first  case,  a  salt  of  ammonia  and  benzoic  acid, 
and,  in  the  second,  free  ammonia  and  a  benzoate.  When  distilled  it 
loses  again  2  eq.  of  water,  and  beoomes  benzonitrile.    (See  page  552.) 

Iodide  of  benzoyl,  BzI. — This  is  prepared  by  distilling  the 
chloride  of  benzoyl  with  iodide  of  potassinm :  it  forms  a  oolooricfls, 
crystalline,  fnsible  mass,  decomposed  by  water  and  alkalis,  in  the  same 
manner  as  the  chloride.  The  bromide  of  benzoyl,  BzBr,  has  veij 
similar  properties.  The  sulphide,  BzS,  is  a  yellow  oil,  of  ofiensiTe 
smell,  which  solidiBes  at  a  low  temperature  to  a  soft,  crystalline  dwk. 
Cyanide  of  benzoyl,  BzCy,  obtained  by  heating  the  chloride  with 
cyanide  of  mercury,  forms  a  crystalline  mass,  fusing  at  87^*8  (31%), 
and  boiling  at  404°  (207°C),  a  pungent  odour,  somewhat  resell' 
bling  that  of  cinnamon.  All  these  compounds  yield  benzamide  with 
dry  ammonia. 

BiNOXiDE  of  benzoyl,  BzO,. — ^Mr.  Brodie  obtained  this  oompoood 
by  bringing  chloride  of  benzoyl  in  contact  with  binozide  of  barium  under 
water,  the  product  when  recrystallized  from  ether  yields  large  shining 
crystals  of  binozide  of  benzoyl,  which  explode  when  heated.  When 
submitted  to  the  action  of  a  boiling  solution  of  potassa  this  aabstance 
evolves  oxygen  and  forms  benzoate  of  potassa. 

Benzoic  aloohol. — M.  Cannizzaro  has  made  the  interesting  dis- 
covery that  the  action  of  an  alcoholic  solution  of  potassa  on  oil  of 
bitter-almonds  gives  rise  to  the  formation  of  an  oily  body,  heaviff 
than  water,  and  boiling  at  400''  (204°C),  which  contains  C„H,0„ 
and  exhibits  in  every  respect  the  deportment  of  an  alcohol.  When 
treated  with  oxidizing  agents  it  furnishes  benzoic  acid.  The  action 
of  hydrochloric  add  gives  rise  to  the  foimation  of  a  chloride  of  the 
formuk  CifH^Cl,  which  boils  at  about  856°  (180°C).     Distilktion 
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with  acetic  and  sulphuric  acid  converts  benzoic  alcohol  into  a  compound 
ether,  of  the  formula  C|,H,oOf  =  C^^HJO,C^lifi^  which  has  an  aro- 
matic pear  odour,  and  boils  at  410"^  (210°C).  The  rehtion  of  this 
new  gnmp  of  substances  to  ethyl-alcohol  and  its  derivatives  will 
become  obvious  from  the  following  formulae : — 

Ethyl-series.  {  Benzoyl-series. 

Ethjlic  alcohol       C^H^O.HO  I  Benzoic  alcohol    Ci^H^CHO 

Acetic  acid        .     C,H,0,,HO        i  Benzoic  acid    .     C^HaO^HO 
Chloride  of  ethyl    C^H^Cl  I  Chloride      .        C„H,C1 

Benz.  of  ethyl  .    C^HjCCi^H.O,    Acetate  .        .    C^HjO.C^HjOj 

FORMOBENZOIC  ACID. — Crude  bitter-almond  oil  is  dissolved  in  water, 
mixed  with  hydruchloric  acid,  and  evaporated  to  dryness :  the  residue 
is  boiled  with  ether,  which  dissolves  out  the  new  substance,  and 
leaves  sal-ammoniac.  Formobenzoic  acid  forms  small,  white  crystals, 
which  iuse,  and  afterwards  suffer  decomposition  by  heat,  evolving 
an  odour  resembling  that  of  the  flowers  of  the  hawthorn,  and  leaving 
a  bulkj  residue  of  charcoal.  It  is  freely  soluble  in  water,  alcohol, 
and  ether,  has  a  strongly  acid  taste  and  reaction,  and  fonns  a  series 
of  crystallizable  salts  with  metallic  oxides.  This  substance  con- 
tains C,eHy04,H0=Cj<H,0a+C^H08,H0,  or  the  elements  of  bitter- 
almond  oil  and  formic  acid :  it  owes  its  origin  to  the  peculiar  action  of 
strong  mineral  acids  on  the  hydrocyanic  acid  of  the  crude  oil,  by  which 
that  body  suffers  resolution  into  formic  acid  and  ammonia.  It  is  de- 
composed by  oxidizing  bodies,  as  binoxide  of  manganese,  nitric  add, 
and  chlorine,  into  bitter-almond  oil  and  carbonic  acid. 

Htdbobenzamide. — Pure  bitter-almond  oil  is  digested  for  some 
hours  at  about  320°  (49°C)  with  a  large  quantity  of  sti-ong  solution  of 
ammonia :  the  resulting  white  crystalline  product  is  washed  with  cold 
ether,  and  dissolved  in  alcohol :  the  solution,  left  to  evaporate  sponta- 
neously, deposits  the  hydrobenzcunuie  in  r^ular,  colourless  crystals, 
which  have  neither  taste  nor  smell.  This  substance  melts  at  a  little 
above  212^  (lOO^C),  is  readily  decomposed  by  heat,  dissolves  with  ease 
in  alcohol,  but  is  insoluble  in  water :  the  alcoholic  solution  is  resolved 
by  boiling  into  ammonia  and  bitter-almond  oil:  a  similar  change 
happens  with  hydrochloric  add.  Hydrobenzamide  contains  C^^HigN^ 
or  the  elements  of  3  equivalents  of  bitter-almond  oil,  and  2  of  ammonia, 
mtnus  6  equivalents  of  water.  When  impure  bitter-almond  oil  is  em- 
ployed in  this  experiment,  the  products  are  different,  several  other 
compounds  being  obtained.  But  even  with  the  pure  oil  frequently  a 
great  variety  of  substances  are  formed.  HydroWnzamide  when  sub- 
mitted to  the  action  of  chemical  processes  furnishes  a  great  number  of 
derivatives,  of  which,  however,  only  one  substance,  namely,  amcuine, 
will  be  described  in  the  section  on  the  Oiganic  Bases. 

Benzoin. — This  substance  is  found  in  the  residue  contained  in  the 
xeiort  from  which  bitter-almond  oil  has  been  distilled  with  lime  and 
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oxide  of  iron,  to  free  it  from  hydi'ocjanic  acid :  it  is  a  product  of  the 
action  of  alkalis  and  alkaline  earths  on  the  crude  oil,  aiid  is  said  to  be 
only  generated  in  the  presence  of  hydrocyanic  add.     It  is  easily  ci- 
tracted  from  the  pasty  mass,  by  dissolving  out  the  lime  and  oxide  nl 
iron  by  hydrochloric  acid,  and  boih'ng  the  residue  in  alcohol.     Benzoin 
forms  colourless,  transparent,  brilliant,  prismatic  cnrstals,  tasteless  and 
inodorous:  it  melts  at  248^  (120°C),  and  distils  without  decomposi- 
tion.    Water,  even  at  a  boiling  heat,  dissolves  but  a  small  quantity  o£ 
this  body;  boiling  alcohol  takes  it  up  in  a  larger  proportion:  it  dis- 
solves in  cold  oil  of  vitiiol,  with  violet  colour.     Benzoin  ccntaiu 
Oi^H^Oj,  or  CsgHj^O^,  and  is,  consequently,  an  isomeric  modification  of 
bitter-almond  oil. 

Benzile. — This  curious  compound  is  a  product  of  the  action  of 
chlorine  on  benzoin :  the  gas  is  conducted  into  the  fused  benzoin  ss 
long  as  hydrochloric  acid  continues  to  be  evolved.  It  is  likeiviae  fonned 
by  treating  benzoin  with  fuming  nitric  add.    The  crude  product  it 
purified  by  solution  in  alcohol.     It  forms  large^  transparent,  sulphur- 
yellow  crystals,  fusible  at  200°  (93''-3C),  unaltered  by  distillatian, 
and  quite  insoluble  in  water.     It  dissolves  freely  in  alcohol,  ether,  and 
concentrated  sulphuric  acid,  from  which  it  is  precipitated  hy  mitr, 
Benzile  is  composed  of  Ci^H^Og,  or  C^i^O^,  and  is  therefore  isomeiic 
with  the  radical  of  the  benzoyl-series. 

Benzilic  acid. — ^Benzoin  and  benzile  dissolve  with  a  violet  tint  ia 
an  alcoholic  solution  of  caustic  potassa.  By  long  boiling  the  liquid  be- 
comes colourless,  and  is  then 'found  to  contain  a  salt  of  a  peculiar  acid, 
called  the  benzilic,  which  is  easily  obtained  by  adding  bydrodiloric  add 
to  the  filtei*ed  liquid,  and  leaving  the  whole  to  cool.  Benziiic  add 
forms  small,  colourless,  transparent  crystals,  slightly  soluble  in  cold, 
more  readily  in  boiling  water:  it  melts  at  248°  (120°C),  and  cannot 
be  distilled  without  decomposition.  It  dissolves  in  cold  concentrated 
sulphuric  acid  with  a  fine  carmine-red  colour.  Benziiic  add  contains 
C^HijO^,  HO,  or  2  eq.  benzile  and  2  eq.  water. 

Benzonitrile. — When  benzoate  of  ammonia  is  exposed  to  destruc- 
tive distillation,  among  other  products  a  yellowish  volatile  oil  makes 
its  appearance,  having  exactly  the  odour  of  bitter*almond  oil.  It  is 
heavier  than  water,  slightly  soluble  in  that  liquid,  boils  at  376° 
(191°*1C),  and  contains  C,4H^N.  It  is  benzoate  of  ammonia — 4  eq* 
of  water,  (NH^O,Ci4H40,-4HO  =  C„HjN,)  and  stands  to  this  salt 
in  the  same  relation  as  hydrocyanic  acid  to  formate,  and  cyanide  of 
methyl  to  acetate  of  ammonia.  Benzonitrile  likewise  may  be  viewed 
as  a  cyanide  when  it  becomes  a  member  of  the  phenyl-series,  Cj^H^N  = 

Benzoyl. — Benzoate  of  copper,  by  dry  distillation  cautiously  con- 
ducted, gives  a  residue  containing  salicylic  and  benzoic  adds,  and  an 
oily  distillate  which  crystallizes  on  cooling.  This  substance  possesses 
the  odour  of  the  geranium,  melts  at  158°  (70°C),  and  contains  Qxflfir 
It  was  discovered  by  Ettling,  and  subsequently  studied  by  Stenhouse^ 
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and  is  evidently  the  radical  of  the  beDzoyI*«erie8.  By  heating  with 
hydrate  of  potossa  it  is  instantly  converted  into  benzoic  acid  with  disen- 
gagement of  hydrogen. 

Benzimide. — This  is  a  white,  inodorouB,  shining,  crystalline  sub- 
stance, occasionally  found  in  crude  bitter-ahnond  oil.  It  is  insoluble 
in  water,  and  but  slightly  dissolved  by  boiling  a]<x>hol  and  ether.  Oil 
of  vitriol  dissolves  it  with  dark  indigu-biue  colour,  becoming  green  by 
the  addition  of  a  little  water.  This  reaction  is  characteristic.  Ben- 
zimide contains  C^gHuNOf.  It  may  be  viewed  as  derived  from  an  acid 
benzoate  of  ammonia  by  the  separation  of  4  eq.  of  water. 

A  great  number  of  other  compounds  derived  from  bitter-almond 
oil,  directly  or  indirectly,  have  been  described  by  Laurent  and  others. 
Many  of  these  contain  sulphur;  sulphuretted  hydrogen  and  sulphide 
of  ammonium  being  employed  in  their  pi^paration. 

HiPPURic  ACID. — This  interesting  substance  is  in  some  measure 
related  to  the  benzoyl-compounds.  It  ooc^urs,  often  in  large  quantity, 
in  combination  with  potassa  or  soda,  in  the  urine  of  horses,  cows,  and 
other  graminivorous  animals.  It  is  prepared  by  evaporating  in  a 
mrater-bath  perfectly  fresh  cows'  urine  to  about  a  tenth  of  its  volume, 
filtering  from  the  deposit,  and  then  mixing  the  liquid  with  excess  of 
hydrochloric  add.  Cows'  urine  frequently  deposits  hippuric  acid 
without  concentration,  when  mixed  with  a  considerable  quantity  of 
hydrochloric  acid,  in  which  the  acid  is  less  soluble  than  in  water.  The 
brown  crystalline  mass  which  separates  on  cooling  is  dissolved  in 
boiling  water,  and  treated  with  a  stream  of  chlorine  gas  until  the 
liquid  assumes  a  light  amber  colour,  and  b^ns  to  exhale  the  odour  of 
that  substance :  it  is  then  filtered  and  left  to  cool.  The  still  impuie 
acid  is  redissolred  in  water,  neutralized  with  carbonate  of  soda,  and 
boiled  for  a  short  time  with  animal  charcoal :  the  hot  filtered  solu- 
tion is,  lastly,  decomposed  by  hydrochloric  acid. 

Hippuric  acid  in  a  pure  state  crystallizes  in  long,  slender,  milk- 
white,  and  exceedingly  delicate  square  prisms,  which  have  a  slightly- 
bitter  taste,  fuse  on  the  application  of  heat,  and  require  for  solution 
about  400  parts  of  cold  water :  it  also  dissolves  in  hot  alcohol.  It 
has  an  acid  i*eaction,  and  forms  salts  with  bases,  many  of  which  are 
crystallizable.  Exposed  to  a  high  temperature,  hippuric  add  under- 
goes decomposition,  yielding  benzoic  acid,  benzoate  of  ammonia,  and 
benzonitrile  with  a  coaly  residue.  With  hot  oil  of  vitriol,  it  gives  off 
benzoic  acid  :  boiling  hydixichloric  acid  converts  it  into  benzoic  acid  and 
glycocine  (gelatin-sugar),  which  is  described  further  on.  Hippuric 
acid  contains  C,„HsN05,H0. 

The  constitution  of  hippuric  acid  has  been  frequently  discussed  by 
chemists.  Veiy  different  views  have  been  proposed.  The  most  pro- 
bable one  is,  that  it  is  the  amidogra-compound  of  a  peculiar  add — 
glycobenzoic  add.  If  hippuric  add  be  treated  with  nitrous  add,  it 
undergoes  the  decomposition  peculiar  to  amidogen-compounds,  which 
has  been  explained  when  treating  of  oxamide  (page  442).    A  new  non- 
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niirogeDeous  acid  is  formed*  together  with  water,  pure  nitrogea  bog 
.  evolved,  CnHgNO^JIO  +  NO,  =  C, AOy,HO+HO +2N.  Gljcobenwc 
acid  is  a  crjstaDine  substance,  slightly  soluble  in  water,  but  mdilv  dis- 
solved bj  alcohol  and  ether.  It  may  be  viewed  as  a  ooDJugate  aod, 
containing  benzoic  and  glycolic  aci<Ui — 2  eq.  of  water*  C,aHjOpHO= 
Cjfifi^yCflfi^—2U0.  Under  the  influence  of  boiling  water  it  splits 
indeed  into  benzoic  and  glycolic  acids.  Glycocine  mast  be  coiMwiewi 
as  gljoolamide,  lsEfi,cMsOi—2HO  =  Cfi^SO^,  aud  this  ezplaiBi 
the  conversion  of  hippuric  acid  into  benzoic  add  and  glyoodne. 

M.  Dessaignes  has  succeeded  in  regenerating  hippuric  acid  by  ^ 
action  of  chlonde  of  benzoyl  upon  the  zinc-componnd  of  glyoocine. 

C,H,NO„ZnO   +    C.^H.OaCl    =    CM^t    +    ZnCI+HO. 

Zinc-compound        Chloride  of  Hippuric 

of  glycocine.  benzoyl.  add. 

If,  in  the  preparation  of  hippuric  acid,  the  urine  be  in  the  slightest 
degree  pujbrid,  the  hippuric  acid  is  all  destroyed  during  the  evapora- 
tion, ammonia  is  disengaged  in  lai^e  quantity,  and  the  liquid  is  then 
found  to  yield  nothing  but  benzoic  acid,  not  a  trace  of  whidi  can  be 
discovered  in  the  unaltered  secretion.  Complete  putre&ction  efiects 
the  same,  change :  benzoic  acid  might  thus  be  procured  to  almost  soy 
extent. 

When  benzoic  acid  is  takoi  internally,  it  is  rejected  from  the  system 
in  the  state  of  hippuric  add,  which  is  then  found  in  the  urine. 

According  to  Mr.  Foster,  an  acid,  isomeric  with  hippuric  add,  may 
be  obtained  by  digesting  amido-ozybenzoic  add  (page  559)  with  acetic 
anhydride :  it  has  been  called  acetozybenzoic  add. 


HOMOLOGUES  OF  THE  BENZOYL  SERIES. 

ToLUYLic  ACID,  Ci^H^O.^HO. — ^This  substance,  which  differs  from 
benzoic  add  by  C^H,,  was  discovered  by  Dr.  Moad,  who  obtained  it 
by  the  action  of  very  dilute  nitric  add  upon  cymol,  a  carbo-hydrogoi 
occurring  in  cumin-oil.  It  is  a  substance  exhibiting  the  dosest  soap 
logy  wiUi  benzoic  add  both  in  its  physical  characters  and  in  its 
chemical  relations.  Like  benzoic  add,  when  ti^eated  with  fominf 
nitric  acid,  it  yields  a  nitro-acid,  nitrotoluyiic  add,  Ci^H^NO^^O^ 
C,^H«N04)0„H0 :  distilled  with  lime  or  bu^'ta,  it  furnishes  a  hTdro- 
carbon  Cj^H^  homologous  to  benzol.  The  latter  substanoe*  which 
has  received  the  name  of  toluoit  is  also  obtained  from  other  sooroeii 
especially  from  coal-tar  and  Tolu  balsam. 

An  acid  of  the  formula  CisH^O^.HO,  is  not  yet  known,  but  we  miy 
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oonfidentlj  expect  that  the  progress  of  science  will  not  fail  to  elidt 
this  substance :  even  now  we  are  acquainted  with  a  hydrocai'bon 
Ci^Hio,  homologous  to  benzol  and  tolaol.  This  substance,  which  is 
caUed  xylol,  is  found  in  wood-tar  and  coal-gas  naphtha,  and  stands  to 
the  unknown  acid  CisH^O^HO,  in  the  same  relation  as  benzol  to 
benzoic  acid.  Should  the  above  acid  be  discovered,  we  may  with 
certaintj  predict  that,  when  distilled  with  excess  of  lime,  it  will  yield 
xylol. 

CuMio  ACID,  C^jjO^HO. — Another  acid,  homologous  to  benzoic 
acid,  was  discovered  some  time  ago  by  Cahours  and  Gerhardt.  It  is 
formed  by  the  oxidation  of  one  of  the  constituents  of  cumin-oil,  cnminol 
C^qHijO,,  which  corresponds  to  oil  of  bitter  almonds.  Cumic  acid  is 
very  similar  in  its  properties  to  benzoic  acid.  It  likewise  yields 
a  nitro-acid,  nitro-cumic  acid,  C^,o^'^7»HO=Cao  (HwN04)0„H0, 
and  when  distilled  with  lime  is  converted  into  cumol,  C,gH|^  a  hy- 
drocarbon, cumol,  homologous  to  benzol,  toluol,  and  xylol. 

Of  the  next  series  only  the  hydrocarbon  is  known.  This  is  cymol, 
C20H14,  the  substance  which,  as  has  been  mentioned  above,  is  the 
source  of  the  toluylic  acid. 

The  homology  of  these  substances  is  clearly  exhibited  by  the  follow- 
ing table : — 


Hydrooarbans 

Hydrides 

Adds. 

derived    . 
Arom  tbe  add. 

Benzoyl-series    . 

C„HAH 

CmH.O^HO- 

CijHg 

Toluyl-series    . 

C1.HAH 

CiaH,0„HO 

C,«H8 

Xylyl-series 

^w^io 

Cumyl-series    . 

^iiPififi 

C»H„0„HO 

CisHi2 

Cymyl-series 

^20^14 

This  table  shows  that  up  to  the  present  moment  only  the  series  of 
hydrocarboM  is  without  a  gap,  while  two  adds  and  two  hydrides 
remain  to  be  discovered. 

Quite  recently  two  alcohols  homologous  to  benzylic  alcohol  have 
been  discovered. 

ToLUTLic  ALCOHOL,  Cifiifi^ — M.  Cannizzaro  obtained  this  sub- 
stance by  first  preparing  tolaylic  aldehyde,  which  is  formed  when  a 
mixture  of  toluylate  and  formate  of  lime  b  distilled,  and  by  sub- 
mitting the  ald^yde  to  the  action  of  an  alcoholic  solution  of  caustic 
potassa,  whereby  it  is  converted  into  tolaylic  alcohol  and  toluylate  of 
potassa.  Toluylic  alcohol  crystallizes  in  needles,  melting  at  138^*2 
(59°C),  and  boiling  without  decomposition  at  422*6°  (217°C).  It  is 
souroely  soluble  in  cold,  somewhat  more  so  in  boiling  water,  and  dis- 
solves easily  in  alcohol  and  ether. 

Syoocertlio  alcohol,  CscHgoOj. — This  substance  was  found  by 
Messrs.  Warren  de  la  Rue  and  H.  MilUer,  in  the  form  of  its  acetic 
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ether  as  a  DAtnral  exadation  from  an  Australian  plant,  Ftcta  nc&ifiv 
nosa.  From  this  ether  the  alcohol  is  separated  by  treatment  nith 
sodium  alcohol. 


SALICTL  SERIES. 


Saltcin. — The  leaves  and  young  bark  of  the  poplar,  willow,  sbI 
several  other  trees  contain  a  peculiar  crystallizable  bitter  prindpi^ 
called  salicirit  which  in  some  respects  resembles  the  TC^;et(>-alialK  cid- 
chonine  and  quinine,  being  said  to  have  febrifuge  properties.  It  difien 
essentially,  however,  from  these  bodies  in  being  destitute  of  nitn^eo, 
and  in  not  foiming  salts  with  acids.  Salicin  may  be  prepared  by  ex- 
hausting the  bark  with  boiling  water,  oonoentiuting  the  solutioo  to  a 
small  bulk,  digesting  the  liquid  with  powdered  protoxide  of  lead,  sod 
then,  after  freeing  the  solution  from  lead  by  a  stream  of  sulf^urettcd 
hydrogen  gas,  evaporatmg  until  the  salicin  crystallizes  out  on  cool- 
ing. It  is  purified  by  treatment  with  animal  charcoal  and  recrystalli- 
zation. 

Salicin  forms  small,  white,  silky  needles,  of  an  intensely  bitter  taste, 
which  have  no  alkaline  reaction.  It  melts  and  decomposes  by  heat, 
burning  with  a  bright^flame,  and  leaving  a  residue  of  charcoal.  It  is 
soluble  in  5*6  parts  of  cold  water,  and  in  a  much  smaller  quantity 
when  boiling  hot.  Oil  of  vitriol  coloui-s  it  deep  red.  The  last  experi- 
ments of  M.  Piria  give  for  salicin  the  formula  C^Jiiflu' 

When  salicin  is  distilled  with  a  mixture  of  bichromate  of  poiassa 
and  sulphuric  acid,  it  yields,  among  other  products,  a  yellow,  sweet' 
scented  oil,  which  is  found  to  he  identical  unth  the  volatih  oil  disUUed 
from  the  flowers  of  the  Spiraa  ulmaria,  or  common  meadowsweei* 

Table  of  Salioyl-Compounds, 

Salicylous  acid         ....  Cj^H^OstHO 

Salicylite  of  potassa      .  C^Ufi^KO 

Chlorosalicylous  acid  .  C„(H^C1)0„H0 

lodosalicylous  add        .  Cn(H  J)0„HO 

Bromosalicylous  acid  .        .  C,^(H^Br)0,4I0 

Saligenin CmH.O^ 

Salicylic  acid Ci,H,0„2H0 

Salicylous  acid  ;  artificial  oil  of  meadow-sweet,  Ci^HsOir 
HO. — One  pan  of  salicin  is  dissolved  in  10  of  water,  and  mixed  in  a 
retort  with  1  pait  of  powdered  bichromate  of  potassa,  and  2^  ports  of 
oil  of  vitriol  diluted  with  10  parts  of  water ;  gentle  beat  is  apphcd* 
and  afler  the  cessation  of  the  effervescence  first  prodaced,  the  mixture 
is  distilled.  The  yellow  oily  product  is  separated  from  the  water,  and 
purified  by  rectification  from  chloride  of  calcium.  It  is  thin,  colour- 
less, and-  transparent,. but  acquirea  a  red  tint  by  exposure  to  the  «if • 


8ALICYL  SEBIES.  557 

Water  dissolves  a  sensible  qiiantitj  of  this  substance,  acquiring  the 
fr^^rant  odoar  of  the  oil,  and  the  characteristic  property  of  strilcing  a 
deep  violet  colour  with  a  salt  of  sesquioxide  of  iron,  a  property,  how- 
ever,  which  is  also  enjoyed  by  salicylic  acid.  Alcohol  and  ether  dis- 
solve it  in  all  proportions.  It  has  a  density  of  1*173,  and  boils  at 
385°  (196°*  IC),  when  heated  alone.  Salicylous  acid  decomposes  the 
alkaline  carbonates,  even  in  the  cold :  it  is  acted  upon  with  great  enei^y 
by  chlorine  and  bromine.  By  analysis  it  is  found  to  contain  C14H0O4, 
or  the  same  elements  as  crystallized  benzoic  acid  ;  and  the  density  of 
its  vapour  is  also  the  same,  being  4 '  276. 

Salic YUTE  of  potassa,  KO.Cj^HjOa.— This  compound  is  easily 
prepared  by  mixing  the  oil  with  a  strong  solution  of  caustic  potassa : 
it  separates,  on  agitation,  as  a  yellow  crystalline  mass,  which  may  be 
pressed  between  folds  of  blotting-paper,  and  recrystallized  from  alcohol. 
it  forms  large,  square,  golden-yellow  tables,  which  have  a  greasy 
feel,  and  dissolve  very  easily  both  in  water  and  alcohol :  the  solution 
has  an  allcaline  reaction.  When  quite  dry,  the  crystals  are  peimanent 
in  the  air;  but  in  a  humid  state  they  soon  become  greenish,  and 
eventually  change  to  a  black,  soot-like  substance,  insoluble  in  water, 
but  diKolved  by  spirit  and  by  solution  of  alisali,  called  melanic  acid. 
Acetate  of  potassa  is  formed  at  the  same  time.  Melanic  acid  is  said 
to  contain  OJAfi^^,  The  crystals  of  salicylite  of  potassa  contain 
water  which  cannot  be  expelled  without  partial  decomposition  of  the 
salt. 

Salicylite  of  ammonia,  ^HfijCyfifi^  crystallizes  in  yellow 
needles,  which  are  quickly  destroyed  with  liberation  of  ammonia  and 
the  add.  Salicylite  of  baryta,  BaO,C„HjO,-h2HO,  forms  fine  yellow 
acicnlar  oystals,  which  are  but  slightly  soluble  in  water  in  the  cold. 
Salicylite  of  copper  is  a  green  insoluble  powder,  containing  CuO, 

Salicylite  of  copper  by  destructive  distillation  gives,  among  other 
products,  S&licylous  acid,  and  a  solid  body  forming  colourless  pris- 
matic crystals,  fusible  and  volatile.  This  body  is  insoluble  in  water, 
but  dissolved  by  alcohol  and  ether.  Nitric  acid  converts  it  into  anilic 
and  piaic  adds.  (See  Indigo.)  It  contains  CifH^O,,  and  is  isomeric 
with  anhydrous'benzoic  add. 

Chloro-salicylous  acid,  C,4(H^C1)03,H0.— Chlorine  acts  very 
strongly  upon  salicylous  acid;  the  liquid  becomes  heated,  and  dis- 
engages large  quantities  of  hydrochloric  acid.  The  product  is  a  slightly- 
yellowish  crystalline  mass,  which,  when  dissolved  in  hot  alcohol,  yields 
colourless  tabular  crystals  of  the  pure  compound,  having  a  pearly 
lustre.  This  substance  is  insoluble  in  water :  it  dissolves  freely  in 
alcohol,  ether,  and  solutions  of  the  fixed  alkalis :  from  the  latter  it  is 
predpitated  unaltered  by  the  addition  of  an  add.  It  is  not  even 
decomposed  by  long  ebullition  with  a  concentrated  solution  of  caustic 
potassa.  Heated  in  a  retort,  it  melts  and  volatilizes,  condensing  in  the 
cool  part  of  the  vessel  in  long,  snow-white  needles.    The  odour  of  this 
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substance  is  pecaluur  and  hy  no  means  agreeable,  and  its  taste  is  hoi  and 
pungent. 

Chloro-salicylous  acid  oombines  with  the  metallic  oxides;  with 
potassa  it  forms  small  red  crystalline  scales,  very  soluble  in  water. 
The  corresponding  compound  of  baryta,  prepared  from  the  foregoing, 
by  double  decomposition,  is  an  insoluble  crystalline,'yellow  powder,  con- 
taining BaO,Ci4CHp)0,. 

Broho-salicylous  acid,  Ci4(H^-Br)0,,H0. — ^The  bromioe-oom- 
pound  is  prepared  by  the  direct  action  of  bromine  on  salicyloos  acid : 
it  crystallizes  in  smsll  colourless  needles,  and  very  closely  resembles  in 
jnroperties  the  chlorine-compound.  Salicylous  acid  dissolres  a  laige 
quantity  of  iodine,  aoquiiing  thereby  a  brown  colour,  but  forming  no 
combinatiou  ;  the  iodine-compound  may,  however,  be  procured  by  dis- 
tilling iodide  of  potassium  with  chloro-salicylous  add.  It  sublimes  as 
a  blackish-brown  fusible  mass. 

Chlobosahide.  —  The  action  of  dry  ammouiacal  gas  on  pure 
chloro-salicylous  acid  is  very  remarkable ;  the  gas  is  absorbed  in  lai^ 
quantity,  and  a  solid  yellow,  resinous-looking  compound  produced, 
which  dissolves  in  boiling  ether,  and  separates  as  the  solution  cools  in 
fine  yellow  iridescent  crystals:  this  and  a  little  water  are  the  only 
products,  not  a  trace  of  sal-ammoniac  can  be  detected.  CSilorosamide 
is  nearly  insoluble  in  water :  it  dissolves  without  change  in  ether,  and 
in  absolute  alcohol ;  with  hot  rectified  spirit  it  is  partially  decompijeed, 
with  disengagement  of  ammonia.  Boiled  with  an  acid,  it  yields  an 
ammouiacal  salt  of  the  acid  and  chloro-salicylous  add:  with  on 
alkali,  on  the  other  hand,  it  gives  free  ammonia,  while  diloro-salicy- 
lous  add  remains  dissolved.  Chlorosamide  contains  O^Jfl^fil^)Sfi^ : 
it  is  formed  by  the  addition  of  2  eq.  of  ammonia  to  3  eq.  of  chloro- 
salicylous  add,  and  the  subsequent  separation  of  6  eq.  of  water.  A 
corresponding  and  very  similar  substance,  bromoscanide,  is  formed  by 
the  action  of  ammonia  on  bromo-salicylous  add.  ^ 

Salioenin. — This  curious  substance  is  a  product  of  the  deoompoa- 
tion  of  salicin  under  the  influence  of  the  emulsin  or  synaptase  of  sweet 
almonds :  it  is  also  generated  by  the  action  of  dilute  acids.  In  both 
cases  the  salicin  is  resolved  into  saligenin  and  grape-si^gar.  Saligenin 
forms  colourless,  nacreous  scales,  freely  soluble  in  water,  alcohol,  and 
ether.  It  melts  at  180°  (82°C),  and  decomposes  at  a  higher  tempera- 
ture. Dilute  acids  at  a  boiling-heat  convert  it  into  a  resinou»>1ooking 
substance  C^fifi^  called  saliretm.  Many  oxidizing  agents,  as  chromic 
add  and  oxide  of  silver,  convert  this  substance  into  salicylous  add: 
even  platinum-black  produces  this  efi'ecL  Its  aqueous  solution  gives  a 
deep  indigo-blue  colour  with  salts  of  sesquioxide  of  iron.  Saligenin  con- 
tains Cj^HgO^.  Hence  the  transformation  of  salicin  is  represented  by 
the  equation : — 

2C2jHjAi  +  8H0  =  Cg4H,sO^  +  2C,,H,0, 
Salicin.  Grape-«ugar.    Saligenin. 
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Salicin  yields  with  chlorine  substitatlon-oompoundB  containing  that 
element,  which  are  susceptible  of  decomposition  by  synaptase,  with 
production  of  bodies  termed  cMorO'  and  hicMoro-saUgenin.  Chloro- 
saligenin  very  closely  resembles  saligenin,  and  contains  C|4(H,C1)04. 
Certain  products,  called  by  M.  Piria  helicini  heliooidin,  and  caUlotic  acid 
are  described  as  resulting  from  the  action  of  dilute  nitric  add  upon 
salidn.  With  strong  add  at  a  high  tempeittture  mtro-saUcylic  add 
(anilic  add),  C,4(HjN0^)0a,  is  produced. 

Salicylic  acid,  C^Jdfi^,2lL0. — ^This  compound  is  obtained  by 
beating  salicylous  add  with  excess  of  solid  hydrate  of  potassa :  the  mix- 
ture is  at  first  brown,  but  afterwards  becomes  colourless;  hydrogen 
gas  is  disengnged  during  the  reaction.  On  dissolving  the  melted  mass 
in  water,  and  adding  a  slight  excess  of  hydrochloric  add,  the  salicylic 
acid  separates  in  crystals,  which  are  purified  by  i-e-solution  in  hot 
water.  This  substance  very  much  resembles  benzoic  acid :  it  is  veiy 
feebly  soluble  in  cold  water,  is  dissolved  in  large  quantities  by  alcohol 
and  ether,  and  may  be  sublimed  with  the  utmost  ease.  It  is  charred 
and  decomposed  by  hot  oil  of  vitriol,  and  attacked  with  gi-eat  violence 
by  strong,  heated  nitric  acid. 

Salicylic  acid  can  also  be  prepared  with  great  ease  by  fusing  salicin 
with  excess  of  hydrate  of  potassa,  and  also  by  the  action  of  a  concen- 
trated and  hot  solution  of  potassa  upon  the  volatile  oil  of  Qauitheria 
prooumbens,  which  is  the  methyl-compound  of  this  add  occurring  in 
nature  (see  essential  oils  containing  oxygeu).  When  salicylic  add  is 
mixed  with  powdered  glass  or  sand,  and  exposed  to  strong  and  sudden 
heat  in  a  retort,  it  is  idmost  entirely  converted  into  carbonic  add  and 
hydrate  of  oxide  of  phenyl,  C^fifi^*  ^  substance  found  in  considerable 
proportion  in  coal-tar  naphtha, — ^and  the  same  change  happens  to  many 
of  its  salts  with  even  greater  facility.  Hydrate  of  oxide  of  phenyl  is 
converted  into  salicylate  of  potassa  by  the  simultaneous  action  <^  sodium 
and  carbonic  add  (Kolbe). 

The  action  of  nitrous  add  upon  a  hot,  aqueous,  and  concentrated 
solution  of  amidobenzoic  acid,  gives  rise  to  a  substance  which  is  isomeric 
with  salicylic  add.  This  body,  known  as  oxybenzoic  acid,  is  only  slightly 
soluble  in  cold  water,  but  dissolves  easily  in  boiling  water  or  alcohol, 
from  which  it  crystallizes  on  cooling ;  it  fuses  at  a  higher  temperature 
and  sublimes  without  deoimposition.  A  solution  of  this  acid  is  distin- 
guished from  salicylic  add  by  not  becoming  coloured  by  sesquichlo- 
ride  of  iron.  Oxybenzoic  acid,  when  treated  with  concentrated  nitric 
acid,  yields  nitro-oxybenzoic  add,  Cj4H4N0404,H0,  which  by  treatment 
with  sulphide  of  ammonium  is  converted  into  amido-oxybenzoic  add, 
Ci^H^NH^O^JHO. 

POPULIN. — This  substance  closely  resemble  salicin  in  appearance 
and  solubility,  but  has  a  penetoiting  sweet  taste:  it  is  found  accom- 
panying salicin  in  the  bark  and  leaves  of  the  aspen.  According  to 
the  researdies  of  Piria,  populin  contains  C^H220ja+4H0.  It  is  a 
conjugate  compound  of  salicin  and  benzoic  acid. 
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CxystalL  populin.     Bcnxoic  add.  Salidn. 

Bj  the  actioD  of  mgents  it  is  oonverled  into  benzoic  acid,  and  Hat 
products  of  decomposition  of  salido.  With  dOute  add  it  rields  beBZok 
add«  grape-sagar,  and  saliretin :  when  treated  with  a  mixtare  of  sd- 
phnric  add  and  bidiromate  of  potaaaa,  it  famishes  a  considerable  qoa- 
titj  of  salicjlons  add. 

Phloridzi9w — ^This  is  a  sabstanoe  bearing  a  great  likenwa  to  ah- 
dn,  found  in  the  root-rind  of  the  apple  and  dieny  tree,  and  extracted 
by  boiling  alcohol.  It  forms  fine,  oolonriesB,  silky  needles,  solnble  a. 
1000  parts  of  cold  water,  but  fredj  dissolved  bj  that  liquid  when  hot: 
it  is  also  solnble  witboat  difBcnlty  in  alcohol.  It  contains  C^JL^fi^ 
+4H0.  Dilute  adds  conrert  j^loridzin  into  grape-engar  and  a  oja- 
tallizable  sweet  substance  called  phloretin^  ^afiu^w 

2(C^H^O^H-4HO)     =   ^H«0«     +     2^AA# 
Phloridzin.  Grape-sugar.  Phloretin. 

Phloridzin,  when  fused  with  hydrated  potassa,  yields  jMfretic  add, 
C,iiH,qO«,  a  beautifuUy-ciystalline  add,  homologous  to  salicylic  and 
anisic  adds. 

CcMARiN.— This  is  the  odoriferous  prindple  of  the  tonka-bean.  It 
may  be  oftoi  seen  forming  minute,  colourless  crystals  under  the  akin  ot 
the  seed,  and  between  the  cotyledons.  It  is  best  extmcted  by  maoeratii^ 
the  sliced  beans  in  hot  alcohol,  and,  after  straining  through  doth,  dis- 
tilling off  the  greater  part  of  the  spirit.  The  syrupy  residue  deposits 
on  standing  crystals  cf  cumarin,  which  must  be  puriBed  by  pressure 
from  a  fat  oH  which  abounds  in  the  beans,  and  then  crystallized  froD 
hot  water.  So  obtained,  cumarin  forms  slender,  brilliant,  oolourleas 
needles,  fusible  at  122°  (50^0))  and  distilling  without  decompositioa 
at  a  higher  temperature.  It  has  a  fragrant  odour  and  burning  taste ; 
it  is  very  slightly  soluble  in  cold  water,  more  freely  in  hot  water,  and 
also  in  alcohol.  It  is  unaffected  by  (Ulute  adds  and  alkalis,  whidi 
merely  dissolve  it.  Boiling  nitric  add  converts  it  into  picric  acid,  and 
a  hot  concentrated  solution  of  potassa  into  cwnortc,  and  eventually 
into  salicylic  add.  Cumarin  exists  in  several  other  plants,  as  the  Me- 
lilotus  officinaiiSf  the  Asperuia  odorata,  and  the  AntAoxantlaan  odo- 
ratum.  According  to  M.  Bldbtreu  it  contains  C^fifi^,  Cumaric 
acid  is  C^HgO,. 
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OINNAMTL  AND  ITS  00MP0UND6. 

The  essential  oil  of  cinnamon  seems  to  possess  a  constitution  analo- 
gous to  that  of  hitter-almond  oil :  it  passes  by  oxidation  into  a  volatile 
add,  the  cinnamiCf  which  resembles  in  the  closest  manner  benzoic  acid. 
The  radical  assumed  in  these  substances  bears  the  name  of  cirmanyl; 
it  has  not  been  isolated. 

Table  of  Cinnamyl-Compownds, 

Ginnamyl  (symbol  Ci)  .         .         .  CigH^O, 

Chloride  of  cinnamyl       .  .         .  Cj^H^OjCl 

Hydride  of  cinnamyl ;  oil  of  cinnamon     .  C^gHjO^H 

Hydi-atedoodde  of  cinnamyl;  cinnamicacid  C<^fififi^O 

Cinnamylic  alcohol     ....  0,3H,0,H0 

Cinnamate  of  cinnamylic  alcohol         .  C^JSLfijC^fifi^, 

Hydride  of  cinnamyl  ;  oil  of  cinnamon,  GiH. — Cinnamon  of 
excellent  quality  is  crushed,  infused  twelve  hours  in  a  saturated  solu- 
tion of  common  salt,  and  then  the  whole  subjected  to  rapid  distillation. 
Water  passes  over,  milky  from  essential  oil,  which  afler  a  time  sepa- 
rates. It  is  collected  and  left  for  a  short  time  in  contact  with  chloride 
of  calcium.  This  fragrant  and  costly  substance  has,  like  most  of  the 
Tolatile  oils,  a  certain  degree  of  solubility  in  water :  it  is  heavier  than 
that  liquid,  and  sinks  to  the  bottom  of  the  receiver  in  which  the  dis- 
tilled products  have  been  collected.-  It  contains,  according  to  M.  Dumas, 
CisHgO,. 

CiNNAMiC  acid,  CiO,HO. — ^When  pure  oil  of  cinnamon  is  exposed 
to  the  air,  or  enclosed  in  a  jar  of  oxygen,  it  is  quickly  converted  by 
libsorption  of  the  gas  into  a  mass  of  white  crystalline  matter,  which  is 
hydrated  cinnamic  acid:  this  is  the  only  product.  Cinnamic  acid  is 
found  in  Peruvian  and  Tolu  balsams,  associated  with  benzoic  add,  and 
certain  oily  and  resinous  substances :  it  may  be  procured  by  the  fol- 
lowing process  in  great  abundance,  and  in  a  state  oi  perfect  purity. 
Old,  hanl  Tolu  balsam  is  reduced  to  powder  and  intimately  mhced  with 
an  equal  weight  of  hydrate  of  lime :  this  mixture  is  boiled  for  some 
time  in  a  large  quantity  of  water,  and  filtered  hot.  On  cooling,  cin- 
namate of  lime  crystallizes  out,  while  benzoate  of  lime  iiemains  in  solu- 
tion. The  impure  salt  is  redissolved  in  boiling  water,  digested  with 
animal  charcoal,  and,  afler  6Itration,  suffered  to  crystallize.  The  crys- 
tals are  drained  and  pressed,  once  more  dissolved  in  hot  water,  and  an 
excess  of  hydrochloric  acid  being  added,  the  whole  is  allowed  to  cool ; 
the  pure  cinnamic  acid  separates  in  small  plates  or  needle-formed  crys- 
tals of  perfect  whiteness.  From  the  original  mother-liquor  much  ben- 
zoic acid  can  be  procured. 

2  o 
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The  crystals  of  cinnamic  acid  are  smaller  and  less  distinct  than  those 
of  benzoic  acid,  which  in  most  i-espects  it  very  closely  resembles.  It 
melts  at  248°  (120°C)  and  enters  into  ebullition  at  560°  (293*'- 3C): 
the  vapour  is  pungent  and  irritating.  Cinnamic  acid  is  mudi  lem 
soluble,  both  in  hot  and  cold  water,  than  benzoic :  a  hot  satnnited  so- 
lution becomes  on  cooling  a  soft-solid  mass  of  small  nacreoos  crjsiak. 
It  dissolves  with  perfect  ease  in  alcohol.  Boiling  nitric  acid  decosn- 
poses  cinnamic  acid  with  great  energy,  and  with  pixxloction  of  copions 
red  fiimes :  bitter-almond  oU  distils  over,  and  benzoic  acid  remaiDs  in 
the  retort  in  which  the  experiment  is  made.  When  cinoamic  add  is 
heated  in  a  retort  with  a  mixture  of  strong  solution  of  bichromate  of 
potassa  and  oil  of  vitriol^  it  is  almost  instantly  converted  into  baizolc 
add,  which  afterwards  distils  over  with  the  vapour  of  water:  the 
odour  of  bitter-almond  oil  is  at  the  same  time  very  perceptible.  On 
fusing  cinnamic  acid  with  an  excess  of  hydrate  of  potassa,  it  is  de- 
composed into  benzoic  and  »cel\c  acids.  This  observation  ha»  led  to 
the  synthesis  of  cinnamic  acid  bj  M.  Bertagnini.  When  oil  of  bitter 
almonds  is  heated  in  a  sealed  tube  with  chloride  of  othyl,  cinnamic  add 
is  produced  together  with  hydrochloric  acid. 

C,fifi^+Cflfifi[  =  Ci,H.O,+ HCl. 

Cinnamic  acid  forms  with  bases  a  variety  of  salts  whidi  are  very 
similar  to  the  benzoates.  The  crystallized  acid  contains  C|9H.O,J90. 
When  distilled  with  an  excess  of  lime  or  baryta,  dnnamic  acid  under- 
goes a  decomposition  analogous  to  that  of  benzoic  acid :  an  oily  liquid, 
cinnaTnolt  CieHg,  distils  over,  whilst  a  carbonate  of  the  alkaline  earth 
remains  behind,  CiAO,-l-2BaO  =  2];BaO,C02)-|-C„Hg. 

When  cinnamic  acid  is  distilled,  a  portion  of  the  acid  undergoes  the 
same  decomposition.  Cinnamol  is  also  found  in  liquid  storax,  and  is 
frequently  described  by  the  term  styrol.     (See  Resins  and  Balsams.) 

Chlorocinnose. — ^This  is  the  ultimate  product  of  the  action  of 
chlorine  on  oil  of  cinnamon  by  the  aid  of  heat.  When  purified  by  crys- 
tallization from  alcohol,  it  forms  brilliant,  colourless  needles,  fusible, 
and  susceptible  of  volatilization  without  change.  It  is  not  affected  by 
boiling  oil  of  vitriol,  and  may  be  distilled  without  decomposition  in  a 
cunent  of  ammoniacal  gas.  Chlorocinnose  contains  C^^^\fi^i  it 
is  formed  by  the  substitution  in  the  oil  of  cinnamon  of  4  eq.  of  xhlorine 
for  4  eq.  of  hydrogen.  The  true  chloride  of  cinncanyl,  CiCl,  seems  to 
be  first  foimed  in  considerable  quantity,  and  subsequently  decomposed 
by  the  continued  action  of  the  chlorine :  it  appears  as  a  very  thin,  fluid 
oil,  convertible  into  a  crystalline  mass  by  strong  solution  of  potassa. 

When  cinnamon  oil  is  treated  with  hot  nitric  add,  it  undergoes  de- 
composition, being  converted  into  hydride  of  benzoyl  and  benzoic  acid. 
With  a  boiling  solution  of  chloride  of  lime  the  same  thing  happens,  a 
benzoate  of  the  base  being  generated.  If  the  oil  be  heated  with  solu- 
tion of  caustic  potassa  it  remains  unaffected ;  with  the  solid  hydrate, 
however,  it  disengages  pure  hydrogen,  and  forms  a  potassa  salt,  which 
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appears  to  be  the  cinoamate.  When  brought  into  contact  with  cold 
concentrated  nitric  acid,  a  crystalline,  yellowish,  scaly  compoand  is 
obtained,  which  is  decomposed  by  water  with  separation  of  t^e  oil. 
With  ammonia  a  solid  substance  is  produced. 

Two  varieties  of  oil  of  cinnamon  are  met  with  in  commerce  of  very 
uneqoal  value,  viz.,  that  of  China  and  that  of  Ceylon;  the  former 
YxiDg  considered  the  better :  both  are,  however,  evidently  impnre.  The 
pare  oil  may  be  extracted  from  them  by  an  addition  of  cold,  strong, 
nitric  acid ;  the  crystalline  matter  which  forms  after  the  lapse  of  a  few 
hoars,  separated  and  decomposed  by  water,  yields  pure  hydride  of 
cmnamyl. 


There  can  be  no  doubt  that  the  cinnamic  acid  in  Tola  and  Peru 
balsams  is  gradually  formed  by  the  oxidation  of  a  substance  very  closely 
related  to  the  alcohols.  When  these  balsams  are  first  imported  they 
are  nearly  fluid,  but  gradually  acquire  consistence  by  keeping.  By  the 
aid  of  an  alcoholic  solution  of  potassa,  a  compound  sometimes  oily, 
sometimes  solid,  may  be  separated  from  these  balsams,  which  cannot  be 
distilled  without  partial  decomposition.  This  compound,  described 
respectively  under  the  name  of  cirmamein  (when  oily),  and  styracin 
(when  solid),  when  distilled  with  hydrate  of  potassa,  is  converted  into 
cmnamic  acid  and  a  neutral  substance,  which  likewise  occurs  in  an  oily 
and  crystalline  modification,  and  has  been  called,  respectively,  penwin 
and  styrone.  These  substances  are  related  to  each  other  in  a  very 
remarkable  manner.  Pemvin  may  be  viewed  as  the  alcohol  of  cinna- 
mic acid,  when  cinnamein  becomes  the  compound  ether,  consisting  of 
this  alcohol  and  cinnamic  add.  This  relation  will  become  obvious  by 
the  following  formuls : 


Eihyl-serles. 
Aloohol    .        .     C,H40,H0 
Acetic  acid        .    C^HjO^HO 
Acetis  ether      .    Cfififififii 


Cinnamyl-fleries. 
Peruvin .        .     CjgH.O^O 
Cinnamic  acid      CigH^Oj^O 
Cinnamein      .     CigH^OfCigH^O, 


When  treated  with  oxidizing  agents,  pemvin  yields  cinnamic  acid,  or 
its  products  of  decomposition,  oil  of  bitter-almonds  and  benzoic  acid. 

Cinnamic  alcohol  and  cinnamic  acid  belong  to  a  series  of  alcohols  and 
acids  of  which,  as  yet,  very  few  terms  are  known.  They  stand  to  the 
alcohols  and  acids,  of  which  the  benzoic  compounds  may  be  considered 
as  the  prototypes,  in  the  relation  which  obtains  between  propylic  aloohol 
and  propionic  acid  on  the  one  hand,  and  allylic  alcohol  and  acrylic  acid 
on  the  other. 


564 


VEGETABLE  AaDS. 


The  vegetable  acids  constitute  a  rerj  natanl  and  importaot  fiunily 
or  group  of  oompoundii,  many  of  which  possess  the  propertj  of  additr, 
«.  tf.,  add  reaction  to  litmus-paper,  and  power  of  fonning  stable^  neutral, 
and  often  arrstaUizable  compounds  with  basns,  to  an  extent  oomparaUe 
with  that  of  the  mineral  acids.  Some  of  these  bodies  are  reiy  widdy 
diffused  through  the  vegetable  kingdom;  others  are  of  much  moR 
limited  occurrence,  being  found  in  some  few  particular  plants  only,  and 
very  frequently  in  combination  with  organic  alkaline  bases,  in  oonjnne* 
tion  with  which  certain  of  them  will  be  found  described.  Many  of  the 
vegetable  acids  are  polybasic;  and  it  is  remarkable  that  in  the  new 
products,  or  pynMicids,  to  which  they  often  give  rise  under  the  infla- 
enoe  of  heat,  this  character  is  usually  lost. 

The  particular  acids  now  to  be  described  are  for  the  moat,  part  of 
extensive  and  general  occurrence ;  mention  will  be  made  of  some  of  tbe 
rarer  ones  in  connection  with  their  respective  sources. 


Table  of  Vegetable  Acida, 

Tartaric  acid         .... 

Pyi-otartaric  add 

Raoemic  acid 

Citric  add 

Aconitic,  or  equisetic  add 

Citraconic  add 

Itaoonic  add 

Malic  add 

Fumaric  add 

Maldc  add 

Meoonic  add 

Comenic  acid  . 

I^yrooomenic  add . 

Kinic  acid 

Tannic  add 

Gallic  add 


Tartaric  acid. — ^This  is  the  acid  of 
pineapple,  and  of  several  other  fruits,  iu 


C,H,0„,2H0 
CioHe  0^  2H0 
CgH4  0,„2HO 
Ci^,  0„,3HO 
Ci  A  0„  3HO 
C,oH,  0^  2H0 
Ci.H,0,,2H0 
Cg  H^  0»  2H0 
C,H,0^2H0 
C,  H,  0^  2H0 
CuH  Oii,3HO 

Ci A  0„  2H0 
C,oH,0.  HO 
Ci4H,oO,„2HO 
C54H„0,i»3HO 

CjAo^  ho 


grapes,  of  tamarinds,  of  the 
which  it  occurs  In  the  state 


of  an  add  potassa-salt ;  tartrate  of  lime  is  also  occasionally  met  with. 
The  tartaric  add  of  commerce  is  wholly  prepared  from  the  ^viar  or 
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argcHf  an  impure  add  tartrate  of  potassa,  deposited  from  wine,  or  rather 
grape-juice,  in  the  act  of  fermentation.  This  substance  is  purified  bj 
solution  in  hot  water,  the  use  of  a  little  pipe-day,  and  animal  char- 
coal to  remove  the  colouring  matter  of  the  wine,  and  subsequent  crys- 
tallization ;  it  then  constitutes  crecan  of  tartar^  and  serves  for  the 
preparation  of  the  add.  The  (aU  is  dissolved  in  boiling  water,  and 
powdered  chalk  added  as  long  as  effervescence  is  exdted,  or  the  liquid 
exhibits  an  add  reaction;  tartrate  of  lime  and  neutral  tartrate  of 
potasaa  result ;  the  latter  is  separated  from  tiie  former,  which  is  inso- 
luble by  filtration.  The  solution  of  tartrate  of  potassa  is  then  mixed 
with  excess  of  chloride  of  caldum,  which  throws  down  all  the  remain- 
ing add  in  the  form  of  lime-salt :  this  is  washed,  added  to  the  fonner 
portion,  and  then  the  whole  digested  with  a  suflident  quantity  of  dilute 
sulphuric  add  to  withdraw  the  base,  and  liberate  the  organic  add. 
The  filtered  solution  is  cautiously  evaporated  to  a  syrupy  consistence 
and  placed  to  crystallize  in  a  warm  situation.  Liebig  has  lately  fonnd 
that  tartaric  add  is  artificially  pi*oduced  by  the  action  of  nitric  add 
npon  milk  sugar.    The  acid  may  also  be  obtained  from  succinic  add. 

Succinic  add,  Cfifi^2¥iOf  when  submitted  to  the  action  of  bro- 
mine yields  two  substitution  products,  bromosuodnic  add,  OsH,BrO„ 
2H0,  and  bibromosucdnic  add,  QJAJ^Tfi^tlYLO,  The  latter,  when 
treated  with  oxide  of  silver  in  the  presence  of  water,  is  converted  into 
tartaric  add  and  bromide  of  silver,  CBH,Br20«»2HO-|-2AgO+2HO 
=CgH40io,2HO-|-2AgBr  (Perkin  and  Duppa,  KekuW).  When  taiN- 
taric  add  is  submitted  in  sealed  tubes  to  the  action  of  hydriodic  add, 
the  iodine  is  set  free,  and  the  tartaric  add  is  reduced  to  succinic  add, 
C«H^O,o,2HO+4HI  =  CgH^O,,2HO-h4H-4HO  (Schmitt) 

Tartaric  add  forms  colourless,  transparent  crystals,  often  of  large 
dze,  which  have  the  figure  of  an  oblique  rhombk:  prism  more  or  less 
modified:  these  are  permanent  in  the  air,  and' inodorous :  they  dissolve 
with  great  fadlity  in  water,  both  hot  and  cold,  and  are  soluble  also  in 
alcohol.  The  solution  reddens  litmus  strongly,  and  has  a  pure  add 
taste.  The  aqueous  solution,  as  has  been  mentioned  (page  74),  pos- 
sesses right-handed  polarization.  This  solution  is  gradually  spoiled  by 
keeping.  Tartaric  add  is  bibasic ;  the  crystals  contain  C,H40|^2HO. 
This  substance  is  consumed  in  large  quantities  by  the  calico-printer^ 
being  employed  to  evolve  chlorine  from  solution  of  bleaching-powder 
in  the  production  of  white  or  discharged  patterns  upon  a  coloured 
ground. 

Tartrates  of  potassa  ;  neutral  tartrate  ;  soluble  tartar  ; 
2KO,C,U40,o. — ^The  neutral  salt  may  be  procured  by  neutralizing 
cream  oi  tartar  with  chalk,  as  in  the  prepnnirion  of  the  add,  or  by 
adding  carbonate  of  potassa  to  cream  of  tartar  to  saturation :  it  is  very 
soluble,  and  crystallizes  with  difficulty  in  right  rhombic  prisms,  whidi 
are  permanent  in  the  air,  and  have  a  bitter,  saline  taste. 

Acid  tartrate  of  potassa;  cream  of  tartar;  E0,H0, 
Cflfii^, — ^The  origin  and  mode  of  preparation  of  this  substance  have 
been  already  describe.l.     It  forms  small  ti-ansporent  or  translucent 
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prismatic  crystaU,  irregularly  grouped  together,  which  grit  between 
the  teeth.  It  dissolves  pretty  freely  in  boiling  water,  but  the  greater 
part  separates  as  the  eolation  cools,  leaving  about  ^  or  lea  diawlTed 
in  the  cold  liquid.  The  salt  has  an  acid  reaction,  and  a  sour  taste. 
When  exposed  to  heat  in  a  close  vessel,  it  is  decomposed  with  erolutwa 
of  inflammable  gas,  leaving  a  mixture  of  finely-divided  charoMl  and 
pure  carbonate  of  potassa,  from  which  the  latter  may  be  extracted  hj 
water.  Cream  of  tartar  is  almost  always  pix)duoed  when  tartaric  acid 
in  excess  is  added  to  a  moderately-etrong  solution  of  a  potassa-aalt,  and 
the  whole  agitated* 

Tartrates  of  soda. — Two  compounds  of  tartaric  acid  with  soda 
are  known :  a  neutral  salt,  2liaOtCfifii^  +  4H0  ;  and  an  <acid  aoft, 
NaO,HO,C8H40,o  +  2H0.  Both  are  easily  soluble  in  water,  and 
ciystallize.  Tartaric  acid  and  bicarbonate  of  soda  form  the  ordioarj 
effervescing  draughts. 

Tartrate  of  potassa  and  soda-,  Rochellb  or  sxiaNETTE 
salt;  KO,NaO,C,Hp,o  +  8H0.-*This  beautiful  salt  is  made  by 
neutralizing  with  carbonate  of  soda  a  hot  solution  of  cream  of  tartar* 
and  evaporating  to  the  consistence  of  thin  syrup.  It  separates  in  large, 
transparent,  prismatic  crystals,  the  faces  of  which  are  unequally  de- 
veloped: these  effloresce  slightly  in  the  air,  and  dissolve  in  l{  ports  of 
cold  water.  Acids  precipitate  cream  of  tartar  from  the  sointioa. 
Rochelle  salt  has  a  mild,  ssline  taste,  and  is  used  as  a  purgative. 

Tartrates  of  ammonia. — ^The  neutral  tartrate  is  a  soluble  and 
efflorescent  salt  containing  2NH40,CgH40,o  +  2H0.  The  acid  tar- 
trate,  NH40,HO,CgH40io,  closely  resembles  ordinary  cream  of  tartar. 
A  salt  corresponding  to  Kochelle  salt  also  exists,  having  oxide  of  ammo- 
nium in  place  of  soda. 

The  tartrates  of  lime,  barifta,  strontia,  magnesia,  and  of  the  oxides 
of  most  of  the  metals  proper,  arc  insoluble,  or  nearly  ao.  in  water. 
Tartrate  of  antimony  and  potassa,  or  tartar  emetic,  is  easily  made  by 
boiling  teroxide  of  antimony  in  solution  of  cream  of  tartar:  it  is  depo- 
sited from  a  hot  and  concentrated  solution  in  crystals  derived  from  aa 
octahedron  with  rhombic  base,  which  dissolve  without  decompodtioo 
in  15  parts  of  cold  and  3  of  boiling  Water,  and  have  an  acrid  and 
extremely  disagreeable  metallic  taste.  The  solution  is  incompatible 
with,  and  decomposed  by,  both  acids  and  alkalis :  the  former  throws 
down  a  mixture  of  cream  of  tartar  and  teroxide  of  antimony,  and  the 
latter  the  teroxide,  which  is  again  dissolved  by  great  excess  of  the  re- 
agent. Sulphuretted  hydrogen  separates  all  tiie  antimony  in  the  state 
of  tersulphide.  Heated  in  a  dry  state  on  charcoal  before  the  blowpipe, 
it  vields  a  globule  of  metallic  antimony.  The  crystals  contain  KO, 
SbO„CgH,Oio  +  2H0.* 

•  Acoonling  to  Dumas*  KO,SbOs.C8H40io+HO.  Dried  at  912*  (100^,  an 
equivalmt  of  water  is  lost,  mkl  at  428"  (220*C).  two  additional  equivalent^ 
leaving  the  compound  KO,SbOs,GgH20g,  wbldi  can  no  longer  contain  wdtnaxy 
tartaric  acid.  Nevertheless,  when  dissolved  In  water,  the  crystals  again  take 
up  the  elements  of  wato-  and  reproduce  the  original  salt 
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An  anali^us  oompouod,  containing  arsenioua  acid  (AsO,)  in  place  of 
terozide  of  antimony,  has  been  described.  It  has  the  same  crystalline 
form  as  tartar  emetic. 

A  solution  of  tartaric  acid  di&solves  hydrated  sesquioxide  of  iron  in 
large  quantity,  forming  a  brown  liquid  which  has  an  acid  reaction,  and 
dries  up  by  gentle  heat  to  a  brown,  transparent,  glassy  substance,  desti- 
tute of  all  traces  of  crystallization.  It  is  very  soluble  in  water,  and 
the  solution  is  not  precipitated  by  alkalis,  Ri&i  or  volatile.  Indeed, 
tartaric  acid,  added  in  sutiicient  quantity  to  a  solution  of  sesquioxide  of 
iron  or  alumina,  entirely  prevents  the  precipitation  of  the  bases  by  ex- 
cess of  ammonia.  Tartrate  and  ammoniacal  tartrate  of  iron  are  used 
in  medicine,  these  compounds  having  a  less  disagreeable  taste  than  most 
of  the  iron  preparations. 

Solution  of  taitaric  acid  gives  white  precipitates  with  lime  and 
baryta-water,  and  with  acetate  of  lead,  which  dissolve  in  excess  of  the 
acid ;  with  neutral  salts  of  lime  and  baryta  no  change  is  produced. 
Nitrate  of  silver  produces  in  neutral  tai-trates  a  white  precipitate  of 
tartrate  of  silver,  which  dissolves  in  ammonia.  On  gently  heating  the 
solution,  a  bright  metallic  deposit  of  silver  is  formed.  The  effect  on 
solutions  of  potassa-salts  has  been  already  noticed. 


Action  of  heat  on  tartaric  acid. — When  crystallized  tartaric 
add  is  exposed  to  a  temperature  of  400°  (204°  *  5C)  or  thei'eabouts,  it 
melts,  loses  water,  and  passes  through  three  different  modifications, 
called  in  succession  tariralic,  tartrelic,  and  anhydrous  twtario  acid. 
The  two  Hr&t  are  soluble  in  water,  and  form  salts  which  have  pro- 
perties completely  difi'ereot  from  those  of  ordinary  tartaric  acid.  The 
third  substance,  or  the  anhydrous  acid,  is  a  white  insoluble  powder. 
All  three,  in  contact  with  water,  slow'y  psss  into  common  tartaric 
acid.    Their  oomposiCion  is  thus  expressed : 

Ordinary  tartaric  acid  .         .         .     QJRfi^^2W) 

Tartralicacid  ....  2CgH^O,^3HO 

TartreUc  acid CgH^O„,HO 

Anhydrous  add       ....        CgU^Oi^ 

The  analogy  borne  by  these  bodies  to  the  several  modifications  of 
phosphoric  acid  will  be  at  once  evident. 

PYROTABTARIC  ACID. — VVhen  crystallized  tartaric  acid  is  subjected 
to  destructive  distillation,  a  heavy  add  liquid  containing  this  substance 
passes  over,  accompanied  by  a  large  quantity  of  carbonic  acid :  in  the 
retort  is  left  a  semi-Huid  black  mass,  which,  by  further  heating,  gives 
combustible  gases,  an  empyreumatic  oil,  and  a  residue  of  charcoal.  The 
distilled  product  exhales  a  powerful  odour  of  acetic  add,  and  is  with 
great  difficulty  puriBed.  Pyrotartaric  add  contains  C^fifi^2,^0,  It 
forms  two  series  of  salts. 
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Mr.  Maxwell  Simpson  has  recently  prepared  pjrotartMic  acid  b; 
sabmitting  cyanide  of  propylene  to  the  action  of  an  alot^olic  solntHa 


C  Ai2Cy+2(KO,HO)+4HO  =  Cififi^2K0 + 2NH,. 

When  tartaric  add  is  heated  to  400"  (204''' 50)  with  ei 
hydrate  of  potassa,  it  is  resolved  without   chan-ing   or 
decomposition  into  oxalic  and  acetic  acids,  which  remain   in 
with  the  base,  and  only  undergo  decomposition  at  a  modi  higher  tem* 
peratore. 

Racemio  acid  ;  PARATARTARic  ACID. — ^The  gmpes  cnltiTrntied  m 
certain  districts  of  the  Upper  Rhine,  and  also  in  the  Vosges^  in  Fnooe, 
contain,  in  assodation  with  tartaric  acid,  another  and  peculiar  add 
body,  to  which  the  term  racemic  acid  is  given :  it  is  rather  less  soluble 
than  tartaric  add,  and  separates  first  from  the  solution  of  that  siib> 
stance.  Between  these  two  adds,  however,  the  greatest  possible  resem- 
blance exists  ;  they  have  exactly  Uie  same  composition,  and  yield*  when 
exposed  to  heat,  the  same  products :  the  salts  of  rnoemic  add  oaiiespund 
also,  in  the  closest  manner,  with  the  tartrates.  A  solution  of  this  acid 
predpitates  a  neutral  salt  of  lime,  which  is  not  the  case  ^with  tar- 
taric  add.  A  solution  of  racemic  acid  does  not  rotate  the  plane  of  polft> 
rization. 

Racemic  add  has  been  the  subject  of  some  exceedingly  interesting 
researches  by  M.  Pasteur,  which  have  thrown  much  light  upoQ  the 
relation  of  this  acid  to  tartaric  add.  If  rnoemic  add  be  saturated  with 
potassa,  or  soda,  or  with  most  other  bases,  crystals  are  obtained,  which 
are  identical  in  form  and  physical  properties.  By  saturating  racemic 
acid,  however,  with  two  bases,  by  forming,  for  instance,  oompounds 
corresponding  to  Rochelle  salt,  whidi  contain  potassa  and  soda  or  am- 
monia and  soda,  and  allowing  the  solution  to  crystallize  slowly,  two 
varieties  of  crystals  are  produced,  which  may  be  distinguished  by  their 
form,  namely,  as  the  image  and  the  reflection  of  the  image,  or  as  ri^i- 
handed  and  left-handed.  If  the  two  kinds  of  crystals  are  carefully  ae> 
lected  and  separately  crystallized,  in  each  case  crystals  of  the  one  variety 
only  are  deposited.  The  composition,  the  spedfic  gravity,  and,  in  tucL, 
most  of  the  physical  properties  of  these  two  varieties  of  raoemate  of 
potassa  and  soda,  are  invariably  the  same.  They  differ,  however,  some- 
what in  their  chemical  characters,  and  especially  in  one  point,  they 
rotate  the  plane  of  polarization  in  opposite  directions.  (See  page  74). 
M.  Pasteur  assumes,  in  the  two  varieties  of  crystals,  the  existence  of  tw» 
modifications  of  the  same  add,  which  he  distinguishes,  according  as  the 
salt  possesses  right-  or  left-handed  polarization,  by  the  terms  dextro» 
racemic  and  levo-raeemic  acids.  These  acids  can  be  separated  by  coo- 
verting  the  above  compounds  into  lead- or  bnryta-salts,  and  deoomposing 
them  by  means  of  sulphuric  acid.  In  this  manner  two  crystalline  adds 
are  obtained,  identical  in  every  respect  excepting  in  their  deportment  with 
polarized  light,  and  in  then*  aystals  behaving  as  image  and  reflection. 
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I>eztro-Taoemic  add  is  nothing  but  common  tartaric  acid.  A  mixtore 
or  equal  parts  of  the  two  acids  has  no  longer  the  slightest  effect  on 
polarized  light,  and  exhibits  in  every  respect  the  deportment  of  racemic 
id. 

At  a  later  period  M.  Pasteur,  in  continning  his  beautiful  re- 
rches,  has  made  the  important  discovery  that  raoemic  add  may  be 
artificially  produced  by  the  action  of  heat  upon  certain  compounds  of 
tartaric  add  which  are  capable  of  resisting  a  high  temperature,  if 
tartnte  of  cinchonine  (see  further  on,  the  article  on  dnchonine  in  the 
section  of  the  Organic  Bases)  or  tartaric  ether  be  exposed  to  a  tempera- 
ture of  about  338°  (170°C),  and  the  product  thus  formed  be  repeatedly 
boiled  with  water,  a  solution  is  obtained,  which  yields  when  mixed, 
after  cooling,  with  an  excess  of  chloride  of  calcium,  a  considerable  pre- 
cipitate of  raoemate  of  lime.  Compounds  of  leTo-rscemic  add,  when 
submitted  to  the  action  of  heat,  likewise  furnish  racemic  *acid.  The 
formation  of  lucemic  add  in  these  reactions  is  accompanied  by  the 
production  of  a  fourth  modification  of  tartaric  add,  which  M.  Pasteur 
caUs  inactive  tartaric  acid.  Like  racemic  add  it  has  no  action  on 
polarized  light,  but  cannot,  like  the  latter^  be  resolved  into  levo-  and 
dextro-raoemic  adds. 

Citric  acid. — Citric  acid  is  obtained  in  large  quantity  from  the 
juice  of  lemons :  it  is  found  in  many  other  fruits,  as  in  eoosebeiTies, 
currants,  ftc.,  in  conjunction  with  another  add,  namely  malic  acid.  In 
the  preparation  of  this  acid,  the  juice  is  allowed  to  ferment  a  short 
time,  in  order  that  mucilage  and  other  impurities  may  separate  and 
snbiiide :  the  clear  liquor  is  then  carefully  satorated  with  chalk,  lime 
forming,  with  the  dtric  add,  an  insoluble  compound.  This  is  thoroughly 
washed,  decomposed  by  the  proper  quantity  of  sulphuric  add,  diluted 
with  water,  and  the  filtered  solution  evaporated  to  a  small  bulk,  and 
left  to  crystallize.  The  product  is  drained  from  the  mother-liquor,  re- 
dissolved,  digested  with  animal  charcoal,  and  again  concentrated  to  the 
crystallizing  point.  Citric  add  forms  colourless,  prismatic  crystals, 
which  have  a  pure  and  agreeable  add  taste :  they  dissolve,  with  great 
ease,  in  both  hot  and  cold  water :  Uie  solution  strongly  reddens  litmus, 
and,  when  long  kept,  is  subject  to  spontaneous  change.  Citric  add, 
when  brought  in  contact  with  putrid  fiesh  as  a  ferment,  yields  butyric 
add  and  small  quantities  of  sucdnic  acid. 

Citric  add  is  tribesic :  its  formula  in  the  gently-dried  and  anhydrous 
silver^alt  is  C^U^Oii.  The  hydrated  add  crystallizes  with  two 
different  quantities  of  water,  assuming  two  different  forms.  The 
crystals,  which  sepai-ate  by  spontaneous  evaporation  from  a  cold  satu- 
rated solution,  contain  CliH.fl^^,  3HO+2HO,  the  last  being  water  of 
crystallization ;  while,  on  the  other  hand,  those  which  are  deposited 
from  a  hot  solution  contain  but  4  equivalents  of  water  altogether,  three 
of  which  are  basic.  Citric  acid  is  entirely  decomposed  when  heated 
with  sulphuric  and  nitric  adds :  the  latter  converts  it  into  oxalic  add. 
Caustic  potassa,  at  a  high  temperature,  resolves  it  into  acetic  and  oxalic 
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acids.*    When  subjected  to  the  actioii  of  chlorine,  the  alkaline  citntai 
yield,  among  other  products,  chlorofoini. 

The  citrates  are  very  nameroas,  the  acid  forming,  like  ordinary  pha»> 
phoric  acid,  three  classes  of  salts,  which  contain  respectivelj  3  eq.  of 
a  metallic  oxide,  2  eq.  of  oxide,  and  1  eq.  of  hasic  water,  and  1  eq. 
oxide,  and  2  eq.  basic  water,  besides  true  basic  salts,  in  which  the  watv 
of  crystallization  is  perhaps  replaced  by  a  metallic  oxide. 

The  citrates  of  the  alkalis  are  soluble  and  cr3rRtallizable  with  greater 
or  less  fitcility ;  those  of  baryta^  strowtia,  lime,  lead,  and  si'loer  an 
insoluble. 

Citric  acid  resembles  tartaric  acid  in  its  relations  to  aesqaioxide  o£ 
iron :  it  prevents  the  precipitation  of  that  substance  by  exoess  of  am- 
monia.  The  citrate,  obtained  by  dissolving  the  hydrated  sesqnioside  ia 
solution  of  citric  acid,  dries  up  to  a  pale-brown,  tranieparent^  amof^ 
phous  masib,  which  is  not  very  soluble  in  water :  an  addition  of 
monia  increases  the  solubility.  Citrate  and  ammonio-dtrate  of 
are  el^ant  medicinal  preparations.  Very  little  is  known  respecting 
the  composition  of  these  curious  compounds :  the  absence  oi  crystalliBa* 
tion  is  a  great  bar  to  inquiry. 

Gtric  acid  is  sometimes  adulterated  with  tartaric :  the  fraud  ia  easily 
detected  by  dissolving  the  acid  in  a  little  cold  water,  and  adding  to  the 
solution  a  small  quantity  of  acetate  of  potassa.  .  If  tartaric  acid  he 
present,  a  white  crystalline  precipitate  of  cream  of  tartar  will  be  pro- 
duced on  agitation. 

AcONiTic,  OB  EQUISETIC  ACtD. — ^When  Crystallized  citric  add  is 
heated  in  a  retort  until  it  b^ins  to  become  coloured,  and  to  ondergo 
decomposition,  and  the  fused,  glassy  product,  after  cooling,  diasolwd 
in  water,  an  add  is  obtained,  difiering  completely  in  properties  fran 
citric  add,  but  identical  with  an  add  extracted  from  the  AccnitKm 
napelluSy  and  the  Equiaetwn  fluviatile,  Acouitic  acid  forms  a  whita, 
confusedly-crystalline  mass,  permanent  in  the  air,  and  very  solaUe  in 
water,  alcohol,  and  ether:  the  solution  has  an  acid  and  astrit^eat 
taste.  The  salts  of  aoonitic  acid  possess  but  little  interest ;  that  of 
baryta  forms  an  insoluble  gelatinous  mass ;  aoonitate  of  lime,  which 
has  a  certain  degree  of  solubility,  is  found  abundantly  in  the  expressai 
juice  of  the  moiMiood,  and  aoonitaie  of  magnesia  in  that  of  the 
equisetum. 

Hydrated  aconitic  acid  contains  C|2HgOB,3HO:  it  is  formed  in 
the  artificial  process  above  described,  by  the  elimination  of  2  eq.  of 
water  from  1  eq.  of  hydrated  citric  acid,  C|}H,Oi|.  There  are,  how- 
ever, invariably   many  secondary  products  formed,    such  as  acetooe, 

*  The  easy  conversion  of  tartaric  and  clUlc  adds  into  a  mixture  of  oxalic 
ond  acetic  actds  by  the  action  of  heat«  aided  by  the  presence  of  a  powerfol  hsse. 
has  led  to  the  idea  of  the  possible  pre-existenoe  of  these  last-named  bodies  in 
the  two  vegetable  acids,  which  may  thus  be  compounded  of  two  odds  of  simpler 
constUuUon,  forming  ooupUd  or  conjugate  acids,  of  which  several  are  known 
to  exist.  These  views,  althoogh  sometimes  useful,  are  not  at  present  sui^iorted 
by  evidence  of  great  importance. 
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carbonic  oxide,  and  ciirbonic  acid.  The  fiiTther  action  of  beat  upon 
aconitic  acid  gives  rise  to  several  new  acids,  especially  cUraconic  and 
ittxconic  acids,  both  expressed  by  the  formula  CiQSfi^,2E.O,  The 
limits  of  this  elemoitarj  work  will  not  permit  us  to  enter  into  a  de- 
scription of  these  further  products  of  decomposition. 

Malio  acid. — This  is  the  acid  of  apples,  pears,  and  various  other 
fraits:  it  is  oflm  associated,  as  already  observed,  with  citric  acid.     An 
excellent   process  for   preparing  the    add  in    question   is   that  of 
Everitt,  who  has  demonstrated  its  existence,  in  great  quantity,  in  the 
juice  of  the  common  garden  rhubarb :  it  is  there  accompanied  by  acid 
oxalate  of  potassa.      The  rhubarb  stalks  are  peeled,  and  ground  or 
grated  to  pulp,  which  is  subjected  to  pressure.      The  juice  is  heated  to 
the  boiling-point,  neutralized  with  carbonate  of  potassa,  and  mixed  with 
acetate  of  limt* :  insoluble  oxalate  of  lime  fidls,  which  is  removed  by 
filtration.     To  the  clear  and  nearly  colourless  liquid,  solution  of  acetate 
of  lead  is  added  as  long  as  a  precipitate  continues  to  be  produced.     The 
xnalate  of  lead  is  collected  on  a  filter,  washed,  diffused  through  water, 
and  decomposed  by  sulphuretted  hydrogen.*    The  filtered  liquid  is 
carefully  evaporated  to  the  consistence  of  syrup,  and  left  in  a  dry  at- 
mosphere until  it  becomes  converted  into  a  solid  and  somewhat  crys- 
talline mass  of  malic  acid :  regular  crystals  have  not  been  obtained. 
From  the  berries  of  the  mountain-ash  (>S'or6u5  aucuparia),  in  which 
malic  acid  is  likewise  present  in  considerable  quantity,  especially  at  the 
time  they  commence  to  ripen,  the  acid  may  be  prepared  by  the  same 
process. 

Malic  acid  is  bibasic,  its  formula  being  Cfifl^t213.0:  it  forms  a 
rariety  of  salts,  some  of  which  are  neutraJ,  others  acid.  In  the  pre- 
sence of  fermenting  substances,  especially  of  putrefying  casein,  it  is 
itself  decomposed,  yielding  succinic,  acetic,  and  carbonic  acids. 

3(C,H^O„2HO)  =  2CCbH,0„2HO)  +  C<H,0„HO  +  4C0,  +  2H0. 

Malic  add.  Suodnic  acid.         Acetic  acid. 

Sometimes  also  butyric  acid  and  hydrogen  are  obsierved  among  the  pro- 
ducts of  this  decomposition.  Malic  acid  may  also  be  converted  into 
succinic  acid  by  digesting  it  in  sealed  tubes  with  hydriodic  add, 
C^408,2HO-*-2HI  =  CgH.O„2HO+2I+2HO  (Schmitt).  The  re- 
conversion of  succinic  acid  into  malic  add  may  be  effected  by  submit- 
ting bromosuccinic  acid  (see  page  565)  to  the  action  of  oxide  of  silver  and 
water.  CgH,BrOe,2HO+AgO+HO=CgH^Og,2HO-|-AgBr  (KekuW). 
Malic  acid  may  also  be  obtained  by  pai-tially  deoxidizing  tartaric  acid 
by  means  of  hydriodic  acid,  CgH^O,<^2HO-|-2Hl=C8H^Og.2HO+2I-^ 
2 HO.  On  the  other  hand,  bromomalic  acid  may  be  converted  into 
tartaric  acid  by  treatment  with  oxide  of  silver  and  water,  CgH^BiOg, 
2HO+AgO-}-HO  =  C8H40|o,2HO-f  AgBr.      Malic  add  is  colourless*, 

*  If  the  add  be  required  pnre,  crystalUxed  malate  of  lead  must  be  used,  the 
.freshly-precipitated  suit  invariably  carrying  down  a  quantity  of  lime  which 
cannot  be  removed  by  simple  washing. 
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slightly  deliqueBoent,  and  yery  soluble  in  water:  alcohol  abo  dissohci 
it.  The  aqueous  solution  has  an  agrnable  add  taste:  it  beooaio 
mouldy,  and  spculs  by  keeping.  The  most  characteristic  of  tbe  makto 
are  the  acid  maiate  of  ammonia^  NH40,H0,CgH^0s,  which  cr7stalliBe» 
remarkably  well,  and  the  maiate  of  lead,  which  ib  insoluble  in  pme 
water,  but  dtssolyes,  to  a  considerable  extent,  in  warm  dilate  acid,  and 
separates,  on  cooling,  in' brilliant  silvery  crystals,  which  contain  water. 
The  acid  may,  by  Uiis  feature,  be  distinguished.  The  <Mcid  wntdatt  of 
lime,  GR0,H0,CX0t+6H0,  is  also  a  very  beautiful  salt,  fnely  •»• 
luble  in  warm  water.  It  is  prepared  by  dissolvins:  the  sparingi  j-oolnblc 
netUrai  maiate  of  lime  in  hot  dilute  nitric  acid,  and  leayiog  the  sdo- 
tion  to  cool. 

Tbe  researches  of  M.  Piria  have  established  a  most  intimate  rela- 
tion between  malic  acid  and  two  substances — ^aspara;:;in  and  aspartie 
acid,  which  will  be  described  in  one  of  the  succeeding  sections.  These 
compounds  may  be  viewed  as  malamide  and  malamic  add,  analogous  ta 
oxamide  and  oxamic  add. 

Malic  add     .  CJd^d^^fiHO. 

Neutral    oxa-  (Neutral    ma- 1  ^ 

Cfiv,^^^fi.  {     late  of  am-|C,H40„2NH^O. 


Oxalic  acid    .     Cfi„2E0 


late  of  am-     _,^^ ^^.  .     

monia  .     .  |     mooia  .     .| 

Oxamide.    .    CANA.  |"tS^'^  .)<^.NA- 

^1^:1  "'.ICP.HO.NH.O.    f ':^tla"f}cA0„H0.NH.O. 

Oxamic  lUiid    .  C,H,KO„HO.        {"^[^^c'^^iJc.H.NO,^©. 

Hitherto  neither  asparagin  nor  aspartie  acid  have  been  aetnallj  oIk 
tained  from  malic  acid.  On  the  contrary,  these  substances  are  con- 
verted with  the  gieatest  &cility  into  malic  add.  On  passing  a  current 
of  nitrous  add  into  a  solution  of  asparagin  or  aspartie  add,  pare 
nitrogen  is  evolved,  maUc  add  bdng  liberated. 

C^,N,0,  +  2K0,  =  C8H40„2H0  -h  2H0  +  4N. 

FnUARTC  AND  MALEio  ACIDS. — If  maltc  add  be  heated  in  a  small 
retort,  nearly  fillecl,  it  melts,  emits  water,  and  enters  into  ebolUtioa ; 
a  volatile  acid  passes  over,  which  dissolves  in  the  water  of  the  receiver. 
Ailer  a  time,  small  solid,  crystalline  scales  make  their  appeaiancs  in 
the  boiling  liquid,  and  increase  in  quantity,  until  the  whole  becomes 
solid.  Tbe  process  may  now  be  interrupted,  and  the  contents  of  the 
retort,  after  cooling,  treated  with  cold  water :  unaltered  malic  add  is 
dissolved  out,  and  the  new  substance,  having  a  smaller  d^ree  of  solu- 
Jbility,  is  left  behind:  it  is  called  fvmario  add,  from  its  identity  with 
an  add  extracted  from  the  common  fumitory. 

Fumaric  add  forms  small,  white,  crystalline  laminsc,  which  dissolve 
freely  in  hot  water  and  alcohol,  but  require  for  that  purpose  about  800 
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parts  of  cold  water:  it  is  unchaoged  hj  hot  nitric  add.  When  heated 
an  a  current  of  air  it  sablimes,  but  in  a  retort  undei^oes  decomposition. 
This  is  a  phenomenon  often  observed  in  organic  bodies  of  small  Tola- 
tili^.  Fumaric  acid  forms  salts,  which  have  been  examined  by 
M.  Kieckher,  and  an  ether,  which,  by  the  action  of  ammonia,  yields  a 
'^nrhite,  amorphous,  insoluble  powder,  called  fumaramide,  coiresponding 
in  properties  and  constitution  with  oxamide.  Hydrated  fumaric  acid 
contains  CgH,0e,2H0 :  hence  it  is  isomeric  with  aconitic  acid. 
-  The  volatile  acid  produced  simultaneously  with  fumaric  acid  is  called 
maleic  acid :  it  may  be  obtained  in  crystals  by  evaporation  in  a  warm 
place.  It  is  very  soluble  in  water,  alcohol,  and  ether :  it  has  a  strongly- 
acid  taste  and  reaction,  and  is  convertible  by  heat  into  fumaric  add. 
Hydrated  maleic  acid  contains  C,H,0,,2H0.  Maleic  and  fumaric  adds 
are  thus  seen  to  have  precisely  ^e  same  composition :  they  are  formed 
by  the  separation  of  2  eq.  of  water  from  hydrated  malic  acid.  Fumaric 
acid«  vrbin  heated  with  bromine,  combines  with  2  equivalents  forming 
cUbromoBuccinic  acid,  CgH^Br^O,,  which  resembles  in  all  its  properties 
the  substance  prepared  £rom  sucdnic  add.  On  heating  fumaric  acid 
with  hydriodic  acid,  it  passes  over  into  sucdnic  acid.  The  same 
reaction  takes  place  on  treating  fumaric  acid  with  water  and  sodium 
amalgam,  Cfifi^+2U.  =  Cfifig.  The  deportment  of  maleic  add 
-with  bromine  and  nascent  hydix)gen,  is  perfectly  analogous  to  that  of 
fumaric  acid :  when  treated  with  hydriodic  add  it  passes  over  first  into 
fumaric  add,  and  then  into  sucdnic  add.   (KekuM.) 

Meoonio  acid. — ^This  acid  is  one  of  the  constituents  of  opium, 
from  which  it  may  be  extracted  by  water.  The  liquid  thus  obtained, 
neutralized  by  powdered  marble  and  predpitated  by  chloride  of  cal- 
cium, furnishes  meconate  of  lime,  which  is  suspended  in  warm  water 
and  treated  with  hydrochloric  sdd ;  on  cooling,  impure  meconic  add 
crystallizes,  which  may  be  purified  by  repeated  treatment  with  hydro- 
chloric, add.  The  pure  add  crystallizes  in  mica-like  plates,  easily  so- 
luble in  boiling,  difficultly  soluble  in  cold  water,  and  soluble  likewise 
in  alcohol.  It  contains  Oi4HO|i,3HO+6aq.  The  water  escapes  at 
212^  (lOO^C).  As  the  formula  indicates,  meconic  add  is  a  tribasic 
acid :  the  salts,  for  the  most  part,  contain  one  or  two  equivalents  of 
metallic  oxide.  Two  silver  salts  of  meconic  add  are  known ;  the  one, 
3AgO.C„HO„,  is  yellow ;  the  other,  2AgO,HO,C„HO„,  is  white. 
With  salts  of  sesquioxide  of  iron,  meconic  acid  produces  a  deep-red 
colour. 

COMENio  ACID. — ^This  substance  is  a  product  of  decomposition  of 
meconic  add.  When  an  aqueous,  or,  better,  a  hydrochloric  solution  of 
meconic  add  is  boiled,  carbonic  acid  is  evolved,  and  the  solution  now 
contains  comenic  acid,  which  crystallizes  on  cooling,  bdng  very  diffi- 
cultly soluble  in  cold  water.  The  same  add  may  be  obtained  by 
heating  meconic  add  to  3»2°  (200^).  Comenic  acid  contains  CigH^Og, 
2H6  :  it  is  bibasic :  its  formation  is  represented  by  the  equation 
OiAOu=CttH,Oio+2CO,. 
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PtbooOMENIC  acid  18  formed  hj  sabmitting  ather  mecoBic  or 
comenic  acid  to  dry  distillation.  Pyrocomenic  add  oontains  C^JB-fi^ 
HO :  it  is  monobasic.  It  arises  from  comenic  add  by  the  eliminatioA 
of  carbonic  acid. 

C,,H,0,     +     200, 
» 


Comenic        Pyrocomenic 
acid. 

Pyrocomenic  add  is  a  weak  add :  it  is  soluble  in  water  and  alcohol : 
from  these  solutions  it  crystallises  in  long  colourless  needles,  whkh 
fuse  at  248"^. (120^0),  and  begin  to  sublime  at  the  boiling-point  of 
water.  Both  comenic  and  pyrocomenic  adds  exhibit  the  red  oolonra- 
tion  with  salts  of  sesqoioxide  of  iron. 

The  salts  of  meoouic  add  and  comenic  add,  together  with  aereial 
deriratives  of  these  substances,  have  been  studied  by  Mr.  fiow,^  but 
oar  space  will  not  permit  us  to  describe  these  compounds. 

An  add  much  resembling  the  mecouic  has  been  extracted  from  the 
Chelidonium  majus:  it  is  combined  with  lime,  and  associated  with 
malic  and  fumaric  adds.  Chelidonic  add  is  tribasic,  forming  three 
classes  of  salts,  and  a  pyro-acid  with  evolution  of  water  and  carbooic 
acid  when  exposed  to  a  high  temperature.  It  crystallises  in  alender 
colourless  needles,  of  considerable  solubility,  containing  Ci4HO,,3HU 
+2H0. 

KiMic  ACID. — Kinate  of  lime  is  found  in  the  solutioQ  from  whick 
the  alkalis  of  quinine  bark  have  been  separated  by  hydrate  of  lime, 
and  is  easily  obtained  by  evaporation,  and  purified  by  animal  charooiL 
From  the  lime-salt  the  ac^d  can  be  extracted  by  decomposing  it  by 
diluted  sulphuric  acid.  The  clear  solution  evaporated  to  a  svrvp^ 
consistence  deposits  large,  distinct  crystals,  which  resemble  those  cf 
tartaric  acid.  It  is  soluble  in  2  parts  of  water,  and  contains  Ci^Hj^O,,, 
2H0.  Quinic  add  has  also  been  found  in  coffee  berries  and  in  tirt 
leaves  of  the  bilberry-bush. 

When  kinic  acid  is  heated  with  a  mixture  of  sulphuric  acid  ai^ 
binoxide  of  manganese,  it  furnishes  a  very  volatile  substance  termed 
kinonet  the  vapour  of  which  is  exceedingly  irritating  to  the  eyes.  Tfab 
new  body  forms  crystals  both  by  sublimation  and  by  solution  in  bojling 
water  :  it  melts  with  gentle  heat,  and  ciystallizes  on  cooling,  coloms 
the  skin  permanently  brown,  and  contains  0,^404. 

By  destructive  distillation,  kinic  acid  yields  numerous  and  interest- 
ing  products,  which  have  been  Rtudied  by  Wohler,  as  benzoic  add, 
carbolic  acid,  saiicylous  add,  benzol,  a  tarry  substance  not  examined, 
and  a  new  body,  cohurlesa  hydrokinone,  which  possesses  very  corions 
relations  with  the  kinone  above  described.  It  forms  colourless  siz-eided 
prismatic  crystals ;  is  neutral,  destitute  of  taste  and  odour,  fusible, 
and  easily  soluble  both  in  water  and  alcohol.  With  care  it  may  le 
sublimed  unchanged.     It  contains  Ci^gO^. 

♦  •  Chem.  Soc.  Q\:ar.  Jour.,'  vol.  iv.,  page  363. 
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Colourless  hjdrokinone  can  be  easily  and  directlj'  produced  from 
kioone  br  the  assimilation  of  hydn^n,  a^  by  addition  of  hjdriodic 
acid  to  a  solution  of  the  latter,  when  iodine  is  set  free,  or  by  sal- 
phurous  acid. 

An  intermediate  product  of  reduction  is  green  hydrokinone.  This 
ia  obtained  by  the  incomplete  action  of  sulphurous  acid  upon  kinone, 
or  by  the  action  of  sesquichloride  of  iron,  chlorine,  nitrate  of  silver,  or 
cdiromic  acid,  upon  colourless  hydrokinone  ;  or  by  mixing  together  solu- 
tions of  kinone  and  colourless  hydrokinone.  It  forms  slender  green 
crystals  of  the  colour  of  the  wing-ca^  of  the  rose-beetle,  and  of  the 
greatest  brilliancy  and  beauty.  It  is  fusible,  has  but  little  odour,  and 
dissolves  freely  in  boiling  water,  crystallizing  out  on  cooling.  This 
substance  contains  C12H9O4. 

If  kinic  acid  be  submitted  to  distillation  with  an  oixlinary  chlorine- 
mixture,  an  acid  liquid  and  a  crystalline  sublimate  are  formed.  The 
former  is  a  solution  of  fonnic  acid,  the  latter  a  mixture  of  4  chlori- 
netted  compounds,  which  are  chlorokinone  Cis(H301)04,  bichlorokinone 
CijfH^CU)^)^,  trichlorokinone  C,2(HCl3)04,  and  tetrachlorokinone 
0,201404.  They  are  all  yellow  crystalline  substances,  which  can  be 
separated  only  with  great  difficulty.  Like  kinone  itself,  they  possess 
the  faculty  of  combining  with  1  or  2  eq.  of  hydrogen,  pixxlucmg 
2  series  of  substances  analogous  to  gi'een  and  colourless  hydrokinone. 
Tetrachlorokinone,  better  known  by  tlie  name  chloranile^  likewise  occui's 
among  the  products  of  decomposition  of  indigo. 

Other  products  were  obtained  by  the  action  of  sulphuretted  hydrogen 
and  strong  hydrochloric  acid  upon  kinone,  which  possess  lesa  interest 
than  the  preoedigg. 

Taknic  and  gallic  acids. — These  are  substances  in  which  the 
acid  character  is  much  less  strongly  maiked  than  in  the  preceding 
bodies:  they  constitute  the  astringent  principles  of  plants,  and  ai-e 
widely  diffused,  in  one  form  or  other,  through  the  vegetable  kingdom. 
It  is  possible  that  there  may  be  several  distinct  modifications  of  tannic 
add,  which  differ  among  themselves  in  some  particulars.  The  astrin- 
gent principle  of  oak-bark  and  nut-galls,  for  example,  is  found  to  pre- 
cipitate salts  of  sesquioxide  of  iron  bluish-black,  while  that  from  the 
leaves  of  the  sumach  and  tea-plant,  as  well  as  iufusions  of  the  sub- 
stances known  in  commerce  under  the  names  of  kino  and  catechu^  are 
remaikable  for  giving,  under  similar  circumstances,  pi'ecipitates  which 
have  a  tint  of  green.  The  colour  6f  a  pi'ecipitate  is,  however,  too 
mach  influenced  by  external  causes  to  be  relied  upon  as  a  proof  of 
essential  difference.  Unfortunately,  the  tannic  acid  or  acids  refuse  to 
I   crystallize ;  one  mo^t  valuable  test  of  individuality  is  therefore  lost. 

After  the  reaction  with  salts  of  sesquioxide  of  iron,  the  most  charac- 
'   teristic  feature  of  tannic  acid  and  the  other  astringent  infusions  re- 
ferred to,  is  that  of  fonning  insoluble  compounds  with  a  great  variety 
of  organic,  and  especially  animal  substances,  as  solutions  of  starch  and 
gelatin,  solid  muscular  fibre  and  skin,  &c.,  which  tiien  acquire  the 
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property  of  resisting  putrefaction :  it  is  on  tlits  principle  tliat  leather 
is  manu&ctared.  Gallic  add,  on  the  contrary,  is  useleas  in  the  open* 
tion  of  tanning. 

Tannic  Acid  of  the   Oak.  —  This   substanoe  imiT 
be  prepaied  by  the  elegant  method   of  M.    Peknue. 
from  nut-galls,  which  are  excrescences  produced  on  ths 
leaves  of  a  species  of  oak,  the  Quercus  in/edoriii,  bj 
the  puncture  of  an   insect.     A   glass   vessel,  haTfc| 
somewhat  the  figure  of  that  represented  in  the  margin, 
is  loosely  stopped  at  its  lower  extremity  bj  a  bit  of 
cotton  wool,  and  half  or  two-thirds  filled  with  pow- 
dered   Aleppo-galls.      £ther,    prepared   in    the  usaal 
manner  by  rectification,  and  containing,   as   it  inim- 
riably  does,  a  little  water,  is  then  poured  upon  the 
powder,  and  the  vessel  loosely  stopped.     The  liqoid, 
which  after  some  time  collects  in  the  receiTer  beknr, 
consists  of  two  distinct  strata:  the  low^er,    which  is 
almost  colourless,  is  a  very  strong  solution  of  nearly 
pure  t4\nnic  add  in  water ;  the  upper  consists  of  etber 
holding  in  solutiAl  gallic  acid,  colouring  matter,  skI 
other  impurities.     The  carefully-separated  heavy  Uqoid 
is  placed  to  evaporate  over  a  surface  of  oil  of  vitrid 
in  ihe  vacuum  of  the  air-pump.    Tannic  add,  or  tcnmim, 
thus  obtained,  forms  a  slightly-ydlowish,  friable,  porow 
mass,  without  the  slightest  tendency  to  crystallzsatioiL 
It  is  very  soluble  in  water,  less  so  in  alcohol,  and  toj 
slightly  soluble  in  ethCT.    It  reddens  litmus,  and  pos- 
sesses a  pure  astringent  taste  without  bitterness. 
A  strong  solution  of  this  subsUnce  mixed  with  mineral  acids  ghrs 
rise  to  precipitates,  which  consist  of  combinations  of  the  tannic  add 
with  the  acids  in  question :  the  compounds  are  fi'eely  soluble  in  pozc 
water,  but  scarcely  so  in  add  solutions.    Tannic  add  predpitates  al- 
bumin, gdatin,  salts  of  the  vegeto-alkalis,  and  several  otlier  substances: 
it  forms  soluble  compounds  with  the  alkalis,  which,  if  excess  of  base  he 
present,  rapidly  attract  oxygen,  and  become  brown  by  destruction  of 
the  add;  the  tannates  of  baryta^  strontiay  and  lime  are  sparingly 
soluble,  and  those  of  the  oxides  of  lead  and  atUinumy  insoluble.     Salts 
of  protoxide  of  iron  are  unchanged  by  solution  of  tannic  acid ;  salts  of 
the  sesquioxide,  on  the  contrary,  give  with  it  a  deep  bluish-black  pre- 
cipitate, which  is  the  basis  of  writing-ink  ;  hoice  the  value  of  an  ix»- 
fusion  of  tincture  of  nut-galls  as  a  test  for  the  presence  of  that  metal. 
Tannic  add,  cai-efully  dried,  contains  C^fl^fi^,  or  Cj4Hi,0„+3HO. 
When  boiled  with  acids  it  assimilates  water,  and  splits  into  giape- 
sogar  and  gallic  acid. 

2(C„H„0„)     -f.     20HO     =     6(C„H,Ojo)     + 


Tannic  add. 


Gallic  add. 


Grape  sugar. 
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The  same  reaction  takes  place  on  heating  tannic  acid  with  a  concen- 
trated solntion  of  potaesa :  in  this  case,  however,  the  sugar  is  farther 
decomposed  into  glodc  acid  (see  page  431).  Nut-galls  contain  a 
ferment  which  induces  the  same  decomposition  of  tannic  acid,  in- 
ducing, at  the  same  time,  alcoholic  fermentation  of  the  sugar.  Tannic 
add,  prepared  by  the  methods  above  mentioned,  still  contains  a  suffi- 
cient quantity  of  the  ferment  to  produce  this  decomposition  when 
the  acid  is  dissolved  in  water,  and  at  the  ordinary  temperature :  it 
ensues^  however,  much  more  rapidly  on  addition  of  nut-galls.  If  this 
fermentation  takes  place  in  the  presence  of  air,  a  part  of  the  tannic 
jKsid  is  converted  into  ellagic  acid,  C^Tlfi^^ 

Tannic  acid,  closely  resembling  that  <^tained  from  galls,  may  be 
^extracted  by  cold  water  from  catechu ;  hot  water  dissolves  out  a  sub- 
stance having  fe^ly-acid  properties,  termed  catechin.  This  latter 
•compound,  when  'pure,  crystallizes  in  fine  colourless  needles,  whidi 
melt  when  heated,  and  dissolve  very  freely  in  boiling  water,  bat 
scarcely  at  all  in  the  cold.  Catechin  dissolves  also  in  hot  alcohol  and 
ether.  The  aqueous  solution  acquires  a  red  tint  by  exposure  to  air, 
and  precipitates  acetate  of  lead  and  corrosive  sublimate  white,  reduces 
jiitrate  of  silver  on  the  addition  of  ammonia,  but  fails  to  form  insoluble 
compounds  with  gelatin,  starch,  and  the  vegeto-alkalis.  It  strikes  a 
deep-green  colour  with  the  salts  of  sesquioxide  of  iron.  This  body 
is  aaid  to  be  convertible  by  heat  into  tannic  acid. 

The  (brmulsB  which  have  been  assigned  to  catechin  are  CisHi^O,, 
and  C^Sfif. 

Japonic  and  rubk  acids  are  formed  by  the  action  of  alkali  in  ezceas 
upon  catechin  ;  the  first  in  the  caustic  condition,  and  the  second  when 
in  the  state  of  carbonate.  Japonic  acid  is  a  black  and  nearly  insoluble 
eubetanoe,  soluble  in  alkalis  and  precipitated  by  acids,  containing 
C12H4O4,  HO  :  it  is  perhaps  identical  witii  a  black  substance  of  acid 
properties,  formed  by  M.  Peligot  by  heating  grape-sugar  with  hydrate 
of  baryta.  Rubic  acid  has  been  but  little  studied :  it  is  said  to  form 
red  insoluble  compounds  with  the  earths  and  certain  oxides  of  the 
metals. 

Sevo«l  adds  closely  allied  to  tannic  acid  have  been  found  in  coffee 
and  Pan^ay  tea. 

Gallio  aoid. — Gallic  acid  is  not  nearly  so  abundant  as  tannic 
acid :  it  is  produced  by  an  alteration  of  the  latter.  A  solution  of 
tannic  acid  in  water  exposed  to  the  air,  gradually  deposits  crystals 
c€  gallic  acid,  formed  by  the  destruction  of  the  tannic  add.  The 
simplest  method  of  preparing  this  acid  in  quantity  is  to  take  pow- 
dered nut-galls,  whidi,  wh«i  fresh  and  of  good  quality,  contain 
BO  or  40  per  cent,  of  tannic  acid,  with  scarcely  more  than  a  trace  of 
gallic,  to  mix  this  powder  with  water  to  a  thin  paste,  and  to  expose 
the  mixture  to  the  air  in  a  warm  situation  for  the  space  of  two  or 
Uiree  months,  adding  water  from  time  to  time  to  replace  that  lost  by 
drying  up.    The  mouldy,  dark-coloured  mass  produced  may  then  be 
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stiVDgly  preawd  in  a  cloth,  and  the  solid  portion  boiled  in  a 
able  quantitj  of  water.  The  61tered  solatioo  depoats  on  eoolinf 
abandanoe  of  gallic  add,  whidi  may  be  diained  and  putil,  and 
finally  purified  by  recrystallization.  It  fbnns  small,  ieathoy,  and 
nearly  coloarless  crystals,  which  hare  a  beantiful  silky  lustxt :  it  re- 
qnires  for  solution  100  parts  of  cold  and  only  3  parts  of  boiling  water: 
the  solution  has  an  add  and  astringent  taste,  and  is  gradually  deoooH 
posed  by  keeping.  Gallic  add  does  not  predpitate  gelatin ;  with  salti 
of  protoiide  of  iron  no  change  is  produced,  but  with  those  of  the  aes- 
quioxide  a  deep  bluish-black  precipitate  falls,  which  disappears  when 
the  liquid  is  heated,  from  the  reduction  of  the  sesquioxide  to  the  prot- 
oxide at  the  expense  of  the  gallic  add. 

The  salts  of  gallic  acid  present  but  little  interest;  thoae  of  the 
alkalis  are  soluble,  and  readily  destroyed  by  oxidation  in  prmnct 
of  excess  of  base,  the  solution  acquiring  after  some  tame  a  neariy 
black  colour ;  the  gallates  of  moat  of  the  other  metallic  oxidea  are  im- 
soluble. 

Gallic  add,  dried  at  212^  (lOO^C),  contains  C^fifii^ ;  the  cryatals 
contain  two  additional  equivalents  of  water. 

Recent  researches  of  Lautemann  have  established  an  interesting  cod- 
nection  between  gallic  and  salicylic  add.  The  latter,  when  aubmitted 
to  the  action  of  an  excess  of  iodine,  furnishes  diiodosalicylie  add 
CifH^IgOf,  which  by  boiling  with  oxide  of  silver  is  transformed  into 
gallic  add  Gi4H4l,Oe+2AgO+2HO  =  2AgI+C,«H«0,e.  Monioda- 
salicylic  acid,  C|4U3lOg,  yields  by  treatment  with  oxide  of  ailvor  a 
very  similar  add,  Oj^HfO^  monooxysalicylic  add,  a  substance  whidi 
according  to  Messrs.  Matthiessen  and  Fonter  is  also  obtained  by 
treating  nemipinic  add,  O^HigOi^*  with  hydriodic  add,  whoi  iodide 
of  methyl,  carbonic  add,  and  monooxysalicylic  add  are  fbnned: 
C»Hi„0„+2Hl  =  2CjH,I  =  2CO,+C„HeO,. 

We  have  thus  the  following  interesting  series  of  bodies : — 
Salicylous  add  ....    Ci^H^O^. 
Salicylic  add  ....        Ci^H^O^ 
Monooxysalicylic  add  .        .        .     CifH^O^. 
Gallic  acid       ....        Cj^H^Oi^ 

The  insoluble  residue  of  woody  fibre  and  other  matters  from  whidi 
the  gallic  add  has  been  withdrawn  by  boiling  water,  oontaina  a  smaU 
quantity  of  another  add  substance,  which  may  be  extracted  by  an 
alkali,  and  aflerwards  predpitated  by  an  addition  of  hydrochloric  add, 
as  a  grayish  insoluble  powder.  It  contains  CS^H^O,,,  when  dried  at 
248^^  (120°C).    The  term  ellagic  acid  is  given  to  this  substance. 

The  changes  which  gallic  acid  suffers  when  exposed  to  heat  are  voy 
interesting.    Heated  in  a  retort  by  means  of  an  oil-bath,  the  tcmpen- 

*  Hemlplnic  add  Is  a  product  of  the  action  of  caustic  potasaa  on  opianio 
add  OopHioOio.  meoonin  OsoHinOg  l>eing  fonned  at  the  aame  time  aCfoHio 
OiosC^oHio^s+CsoHioOis.    (Compare  also  page  616). 
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tore  of  which  is  steadilj  maintained  at  420°  (21 5^50),  or  thereabouts, 
it  is  resolred  into  carbonio  acid,  and  a  new  add  which  sublimes  into 
the  neck  of  the  retort  in  brilliant^  crystaliine  plates,  of  the  most 
per^ct  whiteness :  an  insignificant  residue  of  black  matter  remains 
behind.  The  term  pyroga&o  acid  is  given  to  the  volatile  product. 
It  dissolres  with  facUitj  in  water,  but  the  solation  cannot  be  evapo- 
rated without  blackening  and  decomposition:  it  communicates  a 
Uackish-blue  colour  to  salts  of  the  protoxide  of  iron,  and  reduces  those 
of  the  sesqniozide  to  the  state  of  protoxide.  An  alkaline  solution  of 
this  add  absorbs  a  very  considerable  quantity  of  oxygen,  and  has  been 
employed  with  great  advantage  by  Professor  Liebig  for  the  purpose 
of  determining  the  amount  of  oxygen  in  atmospheric  air.  (See 
page  145.)  The  add  characters  of  this  substance  are  very  indistinct. 
Pyrogallic  acid  contains  CisH^Oe* 

Gidlic  add  and  pyrogallic  acid  reduce  salts  of  gold  and  silver  to  the 
metallic  state :  it  is  on  this  property  that  their  application  in  photo- 
graphy depends. 

When  dry  gallic  add  is  suddenly  heated  to  480^  (249°C),  or  above, 
it  is  decomposed  into  carbonic  add,  water,  and  a  second  new  acid,  the 
metagattic,  which  remains  in  the  retort  as  a  black,  shining  mass,  re- 
sembling charcoal ;  a  few  crystals  of  pyrogallic  add  are  formed  at  the 
same  time.  Metagallic  add  is  insoluble  in  water,  but  dissolves  in 
alkalis,  and  is  again  predpitated  as  a  black  powder  by  the  addition  of  an 
add.  It  combines  with  ue  oxides  of  lead  and  silver,  and  is  composed 
of  C12H4O4.  Pyrogallic  acid,  also,  exposed  to  the  requisite  tempera- 
tore,  yields  metagaUlc  add,  with  separation  of  water. 

These  changes  admit  of  simple  explanation. 


C,AO,.        =        C,AO,        +        2cq 


r 


Dry  gallic  add.  Pyrogallic  add. 

CiJH^O,         =         C^jIA        +        2H0. 
Fyrogalilc  add!  Metallic  add. 

These  phenomena  present  admirable  illastrations  of  the  production 
of  pyrogen-adds  by  the  agency  of  heat. 

Tannic  add,  under  similar  circumstances,  furnishes  the  same  pro- 
ducts as  gallic  add.  Dr.  Stenhouse  has  shown  that  pyrogallic  add 
may  be  procared  in  considerable  quantity  by  carefully  heating  the 
dried  aqueous  extract  of  gall-nuts  in  Dr.  Mohr's  subliming  apparatus, 
already  described. 
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C7AN00EN,  ITS  OOMFOUNDS  AND  DEEIYA-TIYES. 

Ctahoqen*  fbnns  the  most  perfect  type  of  a  quan-drnple  aalt- 
radical  ihat  chemistry  preeentii,  as  kakodyl  does  of  the  basyle  class : 
it  is  interestlDg  also  from  being  the  firstKiisoorered  body  of  the  kind. 

Cyanogen  may  be  prepared  with  the  utmost  ease  by  heating  in  a 
small  retort  of  hard  glass  the  salt  'called  cyanide  of  mercury^  pore- 
vioasly  reduced  to  powder,  and  well  dried.  The  cyanide  undergoes 
decomposition,  like  the  oxide  under  similar  circumstances^  yielding 
metallic  mercury,  a  small  quantity  of  a  brown  substance  of  which 
mention  will  again  be  made,  and  cyanogen  itself^  a  colourless,  perma- 
nent gas,  which  must  be  collected  over  mercury.  It  has  a  pungent 
and  very  peculiar  odour,  remotely  resembling  thi&t  of  peach-kernels,  or 
hydrocyanic  acid :  exposed  while  at  the  temperature  of  45^  (7^2C) 
to  a  pressure  of  3*6  atmospheres,  it  condenses  to  a  thin,  ooloorleas, 
transparent  liquid.  Cyanogen  is  inflammable  :  it  bums  with  a  beau- 
tiful purple,  or  peach-blossom-ooloored  flame,  generating  carbonic 
add  and  liberating  nitrogen.  The  speciflc  gratity  of  this  gas  is 
1*806 :  it  is  composed  of  carbon  and  nitrogen  in  Uie  proportion  of 
2  equivalents  of  the  foimer  to  1  equivalent  of  the  latter,  or  C^N : 
thia  is  easily  proved  by  mixing  it  with  twice  its  measure  of  pure 
oxygen,  and  firing  the  mixture  in  the  eudiometer :  carbonic  add  is 
formed  equal  in  volume  to  the  oxygen  employed,  and  a  volnrae  of 
nitrogen  equal  to  that  of  the  cyanogen  is  set  finee.  Cyanogen,  in 
its  capadty  of  quasi-element,  is  designated  by  the  symbol  Cy.  Water 
disMlves  4  or  5  times  its  volume  of  cyanogen  gas,  and  alcohol  a  much 
larger  quantity :  the  solution  rapidly  decompoees,  yielding  oxalate  of 
ammonia,  2C,N-f  8HO=2NH40,C40c,  brown  insoluUe  matter,  and 
other  products. 

Pabacyakogen. — ^This  is  the  brown  or  blackish  substance  above 
referred  to,  whidi  is  always  formed  in  small  quantity  when  c3^ogHi 
is  prepared  by  heating  the  cyanide  of  mercury,  and  probably,  also^  by 
the  decomposition  of  solutions  of  cyanogen  and  of  hydrocyanic  acid. 

•  86  called  firom  xua^oc,  blue,  and  ytppdm,  I  gensnte. 
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It  is  inaoldUe  in  water  and  alcohol,  is  dissipated  by  a  Yerj  high  tem- 
perature*  and  contains,  aooording  to  Johnston,  carbon  and  nitrogen 
in  the  same  proportions  as  cyanogen. 

Cyanide  of  hydboqen  ;  htdbooyanic  or  prussic  acid,  HCj. 
— ^This  Tery  important  compound,  so  remarkable  for  its  poisonous  pro- 
perties, was  disootered  as  early  as  1782  by  Scheele.  It  may  be  pre- 
pared in  a  state  of  purity,  and  anhydrous,  by  the  following  process : — 
A  long  glass  tube,  filled  with  dry  cyanide  of  mercury,  is  connected  by 
<me  extremity  with  an  arrangement  for  furnishing  dry  sulphuretted 
hydrogen  gas,  while  a  narrow  tube  attached  to  the  other  end  is  made 
to  pass  into  a  narrow-necked  phial  plunged  into  a  freezing-mizture. 
Gentle  heat  is  applied  to  the  tube,  the  contents  of  which  snfler  de- 
composition in  contact  with  the  gas,  sulphide  of  mercury  and  cyanide 
of  hydn^^  being  produced:  the  latter  is  condensed  in  the  receiyer 
to  the  liquid  form.  A  little  of  the  cyanide  of  mercury  should  be 
left  undeoompoeed,  to  avoid  contamination  of  the  product  by  sul- 
phuretted hydrogen.  The  pure  acid  is  a  thin,  colourless,  and  exceed- 
ingly Yolatile  liquid,  which  has  a  density  of  0<7058  at  45°  (7^-20), 
boiU  at  79°  (26<'' IC),  and  solidifiea,  when  cooled,  to  0°  (- il^'SC): 
its  odour  is  rery  powerful  and  most  characteristic,  much  resembling 
that  of  peadi-blossoros  or  Utter-almond  oil :  it  has  a  rery  feeble  acid 
reaction,  and  mixes  with  water  and  alcohol  in  all  proportions.  In  the 
anhydrous  state  this  substance  constitutes  one  of  the  most  formidable 
poisons  known,  and  even  when  largely  diluted  with  water,  its  effects 
upon  the  anixnal  system  are  exceedingly  energetic :  it  is  employed, 
however,  in  medicine,  in  very  small  doses.  The  inhalation  of  the 
vapour  should  be  carefully  avoided  in  all  experiments  in  which 
hydrocyanic  acid  is  cmcemed,  as  it  produces  headache,  giddiness, 
and  other  disagreeable  symptoms :  ammonia  and  chlorine  are  the  best 
antidotes. 

The  add  in  its  pure  form  can  scarcely  be  preserved:  even  when 
enclosed  in  a  carefully-stopped  bottle  it  is  observed  after  a  vexy  short 
time  to  darken,  and  eventually  to  deposit  a  black  substance  containing 
carbon,  nitrogen,  and  perhaps  hydrogen:  ammonia  is  formed  at  the 
same  time,  and  many  other  products.  Light  favours  this  decomposi- 
tion. Even  in  a  dilute  condition  it  is  apt  to  decompose,  becoming 
brown  and  turbid,  but  not  always  with  the  same  facility,  some  samples 
resisting  change  for  a  great  length  of  time,  and  then  suddenly  aolidify- 
{ogto  a  brown,  pasty  mass  in  a  few  weeks. 

When  hydrocyanic  acid  is  mixed  with  concentrated  mineral  adds, 
hydrochloric  for  example,  the  whole  solidifies  to  a  crystalline  paste  of 
sal-ammoniac  and  hydrated  formic  acid :  a  reaction  which  is  explained 
In  a  very  simple  manner,  1  eq.  of  hydrocyanic  add  and  4  eq.  of  water, 
yielding  1  eq.  of  ammonia  and  1  eq.  of  formic  acid. 

C,N^  +  4H0  =  NH,  -I-  C^O„HO. 

On  the  other  hand,  when  dry  formate  of  ammom'a  is  heated  to  392° 
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(200^0),  it  IB  almost  eutirely  oonrei-ted  into  hydrocyanie  icid  ud 
water. 

NH,0,C^O,  =  C,N,H  +  4H0. 


Aqueous  solution  of  hydrocyanic  acid  may  be  made  by  Tarvyoa 
The  most  economical,  and  by  far  the  best,  where  considerable  quanti- 
ties are  wanted,  is  to  decompose  at  a  boiling-heat  the  yellow  ferrocy- 
anide  of  potassium  by  diluted  sulphuric  acid.  For  example,  500  gnam 
of  the  powdered  feiTocyanide  may  be  dissolved  in  four  or  &Te  ouDoes 
of  warm  water,  and  intnxiuoed  into  a  capacious  flask  or  globe,  capable 
of  bein^  connected  by  a  perfomted  cork  and  wide  beat  tube  ^Hth  a 
Liebig's  condenser  well  supplied  with  cold  water ;  300  grains  of  oQ  of 
vitriol  are  diluted  with  three  or  four  tunes  as  mudi  water  and  added  to 
the  contents  of  the  flask :  distillation  is  carried  on  until  about  one-half 
of  the  liquid  has  distilled  over,  after  which  the  process  may  be  inter- 
rnpted.  The  theory  of  this  process  has  been  carefully  atodied  by 
Everitt:*  it  is  sufficiently  complicated. 


eq.  ferro- 
cyanide  of 
potassium 


f6eq. 
6  eq. 
3eq. 
3eq. 
1  eq. 
3eq. 
12  eq. 


3  eq.  water  |^  ^; 
6  eq.  sulphuric  acid 


carbon 

carbon 

nitrogen 

nitrc^^ 

potassium 

potassium  ^,X^ 

iron 

hydrogen 

oxygen 


Insoluble  jeUow 
salt. 


3  eq.  hydrocya- 
nic add. 

3  eq.  bisnlphafte 
of 


The  substance  described  in  the  above  diagram  as  imoluble  yelhto  aoft 
remains  in  the  flask  after  the  reaction,  together  with  the  bisulphate  of 
potassa :  it  contains  the  elemente  of  2  eq.  cyanide  of  iron,  and  1  eq. 
cyanide  of  potassium,  but  ite  constitution  is  unknown.  On  exposure 
to  the  air,  it  rapidly  becomes  blue. 

When  hydrocyanic  acid  is  wanted  for  the  purposes  of  phannacy,  H  ia 
best  to  prepare  a  strong  solution  in  the  manner  above  described,  and 
then,  having  ascertained  ite  exact  atrength,  to  dilute  it  with  pure 
water  to  the  standard  of  the  Pharmacopoeia,  viz.,  2  per  cent,  of  real 
acid.  This  examination  is  best  made  by  precipiteting  with  excess  of 
nitrate  of  silver  a  known  weight  of  the  acid  to  be  tried,  collecting 
the  insoluble  cyanide  of  silver  upon  a  small  filter  previously  weighed, 
washing,  drying,  and  lastly  reweighing  the  whole.  From  the  weight 
of  the  cyanide  that  of  the  hydrocyanic  acid  can  be  easily  calculated, 
an  equivalent  of  the  one  corresponding  to  an  equivalent  of  the  other ; 
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or  the  weight  of  the  cjranide  of  silver  may  be  divided  by  5,  which  will 
gire  A  close  approximation  to  the  truth. 

Another  very  el^nt  method  for  determining  the  amount  of 
hydrocyanic  add  in  a  liquid  has  been  suggested  by  Prof.  Liebig. 
It  is  based  upon  the  property  possessed  by  cyanide  of  potassium  of 
dissolving  a  quantity  of  cyanide  of  silver  sufficient  to  produce  with  it 
a  double  cyanide  oontaioing  equal  equivalents  of  cyanide  of  silver  and 
cyanide  of  potassium  (KCy^AgCy).  Henoe  a  solution  of  hydrocyanic 
acid,  which  is  supersaturated  with  potassa,  and  mixed  with  a  few  drops 
of  solution  of  common  salt,  will  not  yield  a  permanent  precipitate  with 
nitrate  of  silver  bdbre  the  whole  of  the  hydrocyanic  acid  is  converted 
into  the  above  double  salt.  If  we  know  the  amount  of  silver  in  a 
given  volume  of  the  nitrate  solution,  it  is  easy  to  calculate  the  quantity 
of  hydrocyanic  add,  for  this  quantity  will  stand  to  the  amount  of 
silver  in  the  nitrate  consumed,  as  2  eq.  of  hydrocyanic  add  to  1  eq.  of 
silver,  t.  e., 

108 :  54  7  silver  consumed :  x. 

It  iH  a  common  remark,  that  the  hydrocyanic  add  made  from  fer- 
rocyanide  of  potassium  keeps  better  than  that  made  by  other  means. 
The  cause  of  this  is  ascribed  to  the  presence  of  a  trace  of  mineml 
acid.  Everitt  actually  found  that  a  few  drops  of  hydrochloric  add, 
added  to  a  large  bulk  of  the  pure  dilute  acid,  preserved  it  from  de- 
composition, while  another  portion,  not  so  treated,  became  completely 
spoiled. 

A  very  convenient  process  for  the  extemporaneous  preparation  of  an 
add  of  definite  strength,  is  to  decompose  a  known  quantity  of  cyanide 
of  potassium  by  solution  of  tartaric  acid:  100  grains  of  crystallized 
tartaric  add  in  powder,  44  grains  of  cyanide  of  potassium,  and  2 
measured  ounces  of  distilled  water,  shaken  up  in  a  phial  for  a  few 
seconds,  and  then  left  at  rest,  in  order  that  the  precipitate  may  subside, 
will  yield  an  acid  of  very  nearly  the  required  strength.  A  little 
alcohol  may  be  added  to  complete  the  separation  of  the  cream  of 
tartar:  no  filtration  or  other  treatment  need  be  employed. 

The  production  of  hydrocyanic  add  from  bitter  almonds  has  been 
already  mentioned  in  connection  with  the  history  of  this  volatile  oil. 
Bitter  almonds,  the  kernels  of  plums  and  peaches,  the  seeds  of  the 
apple,  the  leaves  of  the  cherry-laurel,  and  various  other  parts  of  plants 
belonging  to  the  great  natural  order  rasacecB,  yield  on  distillation  with 
water  a  sweetHsmelling  liquid,  containing  hydrocyanic  add.  This  is 
probably  due  in  all  cases  to  the  decomposition  of  the  amygdaHn,  pre- 
existent  in  the  organic  structure.  The  change  in  question  is  brought 
about  in  a  very  singular  manner,  by  the  presence  of  a  soluble  azotiied 
substance,  called  emtUsin  or  synaptasCf  which  forms  a  large  proportion 
of  the  white  pulp  of  both  bitter  and  sweet  almonds.  This  substance 
bears  a  somewhat  similar  relation  to  amygdalin,  that  diastase,  which  it 
dosely  resembles  in  many  particulars,  does  to  starch.     Hydrocjranic 
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add  exists  read^-formed  to  a  ooosiderable  extent  in  the  joioe  of  tlie 
bitter  cassaya. 

Amyqdalin  is  prepared  with  fiictlitj  bj  the  following  proees : — 
The  paste  of  bitter  almonds,  from  which  the  fixed  oil  has  been  «s- 
pi-essed,  is  exhausted  with  boiling  alcohol :  this  coagolAtes  and  icadas 
inactive  the  synaptase,  while  at  the  same  time  it  dissolTea  oat  the 
amjgdalin.  The  alcoholic  liquid  is  distilled  in  a  water-bath,  bj  whic^ 
mnch  of  the  spirit  is  i  eeovered,  and  the  syrupy  residue  dilated  wftk 
water,  mixed  with  a  little  yeast,  and  set  in  a  warm  place  to  fermeBt : 
a  portion  of  sugar,  present  in  the  almonds,  is  thus  destroyed.  The  fil- 
tered liquid  is  then  evaporated  to  a  syrupy  state  in  a  water-batii,  and 
mixed  with  a  quantity  of  alcohol,  which  throws  *down  the  amygdalm 
as  a  white  crystalline  powder :  the  latter  is  collected  on  a  cloth  filter, 
prosed,  redissolved  in  boiling  alcohol,  and  left  to  oool.  It  sepantes  m 
small  crystalline  plates,  of  pearly  whiteness,  which  are  iDodoroaa  and 
nearly  tasteless :  it  is  decomposed  by  heat,  leaving  a  balky  ooal,  and 
diffosing  the  odour  of  the  hawthorn.  «In  water,  both  hot  and  cold, 
amygdalin  is  very  insoluble ;  a  hot  saturated  solution  deposits,  on  cool- 
ing, brilliant  prismatic  crystals,  which  contain  water.  In  cold  alcohol 
it  dissolves  with  great  difficulty.  Heated  with  dilate  nitric  add,  or  a 
mixture  of  dilute  sulphuric  acid  and  binozide  of  manganese,  it  is 
resolved  into  ammonia,  bitter-almond  oil,  benzoic  acid,  fimmc  add, 
and  carbonic  acid  :  with  permanganate  of  potassa,  it  yields  a  mixtoR 
of  cyanate  and  benzoate  of  that  base. 

Amygdalin  is  composed  of  C^^H^^NO,,. 

Synaptase  itself  has  never  been  obtained  in  a  state  of  parity,  or  fit 
for  analysis :  it  is  described  as  a  yellowish-white,  opaqoe,  brittle  mass, 
very  soluble  in  water,  and  coagolable,  like  albumin,  by  beat,  in  which 
case  it  loses  its  specific  property.  In  solution  it  very  soon  beeomai 
tarbid,  and  putrefies.  The  decompoesition  of  amygdalin  under  tho 
influence  of  this  body  may  be  elegantly  studied  by  dissolving  a  por- 
tion in  a  large  quantit^of  water,  and  adding  a  little  emulsion  of 
sweet>a]mond  :  the  odour  of  the  volatile  oil  immediately  becomes  ap- 
parent, and  the  liquor  yields,  on  distillation,  hydrocyanic  acid.  Tb» 
nature  of  the  decomposition  may  be  thus  represented : — 

C«oH,7NO„  +  4H0  =  C„H„0,4  +  C„H,0,  +  C,NH. 

It  may  be  observed,  that  in  preparing  bitter-almond  oil,  the  paste 
should  be  well  mixed  with  about  20  parts  of  warm  water,  and  the 
whole  left  to  stand  some  hours  before  distillation :  the  heat  most  be 
gently  raised,  to  avoid  coagulating  the  synaptase  before  it  has  had  time 
to  act  upon  the  amygdalin.  Almond-paste,  thrown  into  boiling  water, 
yields  little  or  no  bitter-almond  oil. 

Amyodalic  acid. — ^When  amygdalin  is  boiled  with  an  alkaH  or 
an  alkaline  earth,  it  is  decomposed  into  ammonia,  and  a  new  add 
called  the  amygdaUc,  which  remains  in  union  with  the  base.  This  it 
best  prepared  by  means  of  baryta-water,  the  ebullition  being  continaed 
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M  loD^  as  aramoiua  is  evolved.  From  the  aolutioo  tliui  obtained,  the 
barjta  maj  be  precipitated  bj  dilute  sulphuric  acid :  the  filtered  liquid 
is  evaporated  in  a  water-bath.  Amjgdalic  acid  forms  a  colourless, 
traDsporent,  amorphous  mass,  very  soluble  ia  water,  and  deliquescent 
in  moist  air :  the  solution  has  an  acid  taste  and  reaction,  it  is  con- 
Tertcd  by  oiidizing  agents  into  bitter-almond  oil,  formic,  and  benxoic 
adds.  The  amygdalates  are  mostly  soluble,  but  have  been  but  litt|e 
studied :  the  add  contains  C4qHmOm,HO. 

The  presence  of  hydrocyanic  acid  is  detected  with  the  utmost  ease : 
its  remarkable  odour  and  high  d^pree  of  volatility  almost  sufficiently 
characterize  it.  With  solution  of  nitrate  of  silver  it  gives  a  dense 
curdy  white  precipitate,  much  resembling  the  chloride,  but  diffeiing 
firom  that  substance  in  not  blackening  so  readily  by  light,  in  being 
soluble  in  boiling  nitric  acid,  and  in  suffering  complete  decomposition 
when  heated  in  a  dry  state,  metallic  silver  being  left :  the  culoridcL 
under  the  same  oircumstances,  merely  fuses,  but  undergoes  no  chemiod 
change.  The  production  of  Prussian  blue  by  **  Scheele's  test  '*  is  an 
excellent  and  most  decisive  experiment,  which  may  be  made  with  a 
very  small  quantity  o£acid.  The  liquid  to  be  examined  is  mixed  with 
a  few  drops  of  solution  of  sulphate  of  protoxide  of  iron  and  an  excess  of 
caustic  potassa,  and  tlie  whole  exposed  to  the  air  for  10  or  15  minlites, 
with  agitation :  hydrochloric  acid  is  then  added  in  excess,  which  dis- 
solves tlie  oxide  of  iron,  and,  if  hydrocyanic  acid  be  present,  leaves 
Prussian  blue  as  an  insoluble  powder.  The  reaction  becomes  quite  in* 
telligible  when  the  production  of  a  ierrocyanide,  described  a  few  pages 
hence,  is  understood.     See  page  595. 

Another  elegant  process  for  detectmg  hydrocyanic  acid  is  mentioned 
in  the  article  upon  hydrosulphocyanic  acid. 

The  most  important  of  the  metallic  cyanides  are  the  foUowing :  they 
bear  the  most  perfect  analogy  to  the  haloid-salts. 

Ctaitide  of  potassium,  KCy.— When  potassium  is  heated  in 
cyanogen  gas,  it  takes  fire  and  bums  in  a  very  beautiful  manner, 
yielding  cyanide  of  the  metal :  the  same  substance  is  produced  when 
potassium  is  heated  in  the  vapour  of  hydrocyanic  acid,  hydrogen  being 
liberated.  If  pare  nitrogen  gas  be  transmitted  through  a  white-hot 
tube,  containing  a  mixture  of  carbonate  of  potassa  and  charcoal,  a 
small  quantity  of  cyanide  of  potassium  is  formed  which  settles  in 
the  cooler  portions  of  the  tube  as  a  white  amorphous  powder :  carbonic 
oxide  is  at  the  same  time  evolved.*  If  azotized  organic  matter  of 
any  kind,  capable  of  funishing  ammonia  by  destructive  distillation,  as 
horn-shavings,  parings  of  hides,  &c.,  be  heated  to  redness  with  car- 

*  Acoordiog  to  recent  experiments  by  MM.  Maiigaeritte  sod  de  Sonrdeval,  the 
formation  of  cjanide  iqipears  to  be  more  abutMUuit  if  tbe  potassa  be  replsced 
Dj  baryta.  If  the  cyanide  of  barium,  thus  formed,  be  exposed  to  a  stream  of 
superheated  steam  of  blTTF  (300*C),  the  nitrogen  ot  the  salt  Is  eliminated  in  the 
fonn  of  ammonia.  Maigoeritte  and  de  Sourdeval  recommend  this  prooeas  as  a 
methud  of  preparing  ammonia  by  means  of  the  oitrogen  of  the  atmoQ>here. 
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bonate  of  potaasa  in  a  cloee  reflsd,  a  very  abundant  prododion  of 
cjanide  of  potassium  results,  which  cannot,  however,  be  adTantegaonaly 
extracted  by  direct  means,  bat  in  practice  is  always  oonverted  int* 
ferrocyanide^  which  is  a  much  more  stable  substance,  and  cty^^ttBMsm 
better. 

There  are  several  methods  by  which  cyanide  of  potaasimn  may  be 
prepared  for  use.  It  may  be  nuide  by  passing  the  vapour  of  hydncy- 
anic  acid  into  a  cold  alcoholic  solution  of  potassa :  the  salt  is  deposited 
in  a  crystalline  form,  and  may  be  separated  from  the  liquid,  prasaed 
and  dried.  Ferrocyanidc  of  potassium,  heated  to  whiteness  in  a  nearly- 
close  vessel,  evokes  nitrogen  and  other  gases,  and  leaves  a  mixtore  of 
carbon,  carbide  of  iron,  and  cyanide  of  potassium,  which  latter  salt  is 
not  decomposed  unless  the  temperature  be  excessively  hi^  Kr. 
Donovan  recommends  the  use  in  this  process  of  a  wrought^iron  mei^ 
cury-bottle,  which  is  to  be  half  filled  with  the  ferroeyanide,  sod 
arranged  in  a  good  air-furnace,  capable  of  giving  the  requisite  de^ce  of 
heat ;  a  bent  iron  tube  is  fitted  to  the  mouth  of  the  bottle  and  made  to 
dip  half  an  inch  into  a  vessel  of  water:  this  serves  to  give  exit  to  the 
gas.  The  bottle  is  gently  heated  at  first,  but-  the  tempeiutare  oiti- 
mately  raised  to  whiteness.  When  no  more  gas  issues,  the  tubs  is 
stopped  with  a  cork,  and,  when  the  whole  is  completely  cold,  the  boftUe 
is  cut  asunder  in  the  middle  by  means  of  a  chisd  and  sledge-hammer, 
and  the  pure  white  fused  salt  carefully  separated  from  the  black  spongy 
mass  below,  and  preserved  in  a  well-stopped  bottle :  the  black  sab- 
stance  contains  much  cyanide,  which  may  be  extracted  by  a  little  cold 
water.  It  would  be  better,  perhaps,  in  the  foregoing  process  to  deprive 
the  ferrocyanide  of  potassium  of  its  water  of  crystal!  ixati<m  befon 
introducing  it  into  the  iron  vessel. 

Professor  Liebig  has  published  a  very  easy  and  excellent  process  ftr 
making  cyanide  of  potassium,  which  does  not,  however,  yield  it  pure^ 
but  mixed  with  cyanide  of  potassa.  For  most  of  the  applications  of 
cyanide  of  potassium,  as,  for  example,  electro-plating  and  gilding,  for 
which  a  considerable  quantity  is  now  required,  this  impurity  is  of  no 
consequence.  Eight  parts  of  ferrocyanide  of  potassium  are  rendered 
anhydrous  bv  gentle  heat,  and  intimately  mixed  with  3  parts  of  dry 
carbonate  of  potassa :  this  mixture  is  thrown  into  a  red-hot  earthen 
crucible  and  kept  in  fusion,  with  occasional  stirring,  until  gas  ceases  to 
be  evolved,  and  the  fluid  portion  of  the  mass  becomes  colourless.  The 
crucible  is  left  at  rest  for  a  moment,  and  then  the  dear  salt  decanted 
from  the  heavy  black  sediment  at  the  bottom,  which  is  principally 
metallic  iron  in  a  state  of  minute  division.  In  this  experiment,  2  «q. 
of  ferrocyanide  of  potassium  and  2  eq.  carbonate  of  potassa  yield  5  eq. 
cyanide  of  potassium,  1  eq.  cyanate  of  potassa,  2  eq.  iron,  and  2  eq. 
carbonic  acid.  2K,Cy,Fe  +  2(K0,C0,)  =  5KCy  +  K0,CyO  -f-  Fe, 
+  2C0r  The  product  may  be  advantageously  used,  instead  of  ferro- 
cyanide of  potassium,  in  the  preparation  of  hydrated  hydrocyanic  add, 
by  distillation  with  diluted  oil  of  vitrioL 
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Cjanide  of  potaaaum  forms  loolourless  cabic  or  octahedral  cryitala, 
deUqaescent  in  the  air,  and  exceedingly  soluble  in  water :  it  diaolyes 
in  Iwiling  alcohol,  bat  separates  in  great  measure  on  cooling.  It  is 
readily  fosible,  and  undergoes  no  chiuage  at  a  moderate  red-  or  even 
white'heat,  when  excluded  from  air ;  otherwise,  oxygen  is  absorbed 
and  the  cyanide  of  potassiam  becomes  cyanate  of  potassa.  Its  solution 
always  has  an  alkaline  reaction,  and  exhales  when  exposed  to  the  air 
the  smell  of  hydrocyanic  add :  it  is  decomposed  by  the  feeblest  adds, 
even  the  carbonic  add  of  the  atmosphere,  and  when  boiled  in  a  retort 
is  slowly  converted  into  formate  of  potassa  with  separation  of  ammonia. 
This  salt  is  anhydrous :  it  is  said  to  be  as  poisonous  as  hydrocyanic 
add  itself. 

Cyanide  of  potassium  has  been  derived  from  a  carious  and  nnexpected 
source.  In  some  of  the  iron  furnaces  in  Scotland,  where  raw-coal  is 
used  for  fuel  with  the  hot>blast,  a  saline-looking  substance  is  occasion- 
ally observed  to  issue  in  a  fused  state  from  the  tuyere-holes  of  the  fur- 
nace, and  concrete  on  the  outside.  This  proved,  on  examination  by 
Dr.  Clark,  to  be  prindpally  cyanide  of  potassium. 

Ctanidb  of  sodium,  NaCy,  is  a  very  soluble  salt,  corresponding 
closely  with  the  foregoing,  and  obtained  by  similar  means. 

Cyanide  of  AMMOMiim,  NH^Cy.^This  is  a  colourless,  crystal- 
lizable,  and  very  volatile  substance,  prepared  by  distilling  a  mixture  of 
cyanide  of  potassium  and  sal-ammoniac,  or  by  mingling  the  vapour  of 
anhydrous  hydrocyanic  acid  with  ammoniacal  gas,  or,  lastly,  according 
to  tlie  observations  of  M.  Langlois,  by  passing  ammonia  over  red-hot 
charcoal.  It  is  very  soluble  in  water,  subject  to  spontaneous  decompo- 
siticm,  and  is  slightly  poisonous. 

Cyanide  of  mebgory,  HgCy. — One  of  the  most  remarkable  fea- 
tnres  in  the  history  of  cyanogesi  is  its  powerful  attraction  for  certain  of 
the  lesB-oxidable  metals,  as  ^ver,  and  more  particularly  mercury  and 
palladium.  Dilute  hydrocyanic  add  dissolves  finely-powdered  red  oxide 
of  mercury  with  the  utmost  ease :  the  liquid  loses  all  odour,  and  yields 
on  evaporation  crystals  of  cyanide  of  mercury.  Cyanide  of  potassium 
is  in  like  ntanner  decomposed  by  red  oxide  of  mercury,  hydrate  of 
potassa  being  produced.  Cyanide  of  mercury  is  generally  prepared 
mm  common  ferrocyanide  of  potassium  ;  2  parts  of  the  ntlt  are  dis- 
solved in  1 5  parts  of  hot  water,  and  3  parts  of  dry  sulphate  of  mercury 
added ;  the  whole  is  boiled  for  15  minutes,  and  filtered  hot  from  the 
oxide  of  iron,  which  separates.  The  solution,  on  cooling,  deposits  the 
new  salt  in  crystals.  Cyanide  of  mercury  forms  white,  translucent 
prisms,  much  resembling  those  of  corrosive  sublimate:  it  is  soluble  in 
8  parts  of  cold  water,  and  in  a  much  smaller  quantity  at  a  higher  tem- 
perature, and  also  in  alcohol.  The  solution  has  a  disagreeable  metallic 
taste,  is  very  poisonous,  and  is  not  predpitated  by  alkalis.  Cyanide  of 
mercury  is  used  in  the  laboratory  as  a  source  of  cyanogen. 

Cyanide  of  silver,  ^gCy,  has  been  already  described.  Cyanide 
of  zinc,  ZnCy,  is  a  white  insoluble  powder,  prepared  by  mixing  acetate 
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of  mc  with  hydrocyanic  add.  Cyanide  ofoobaU^  CoCy,  is 
nrnilar  meaoB :  it  is  dirty-white,  and  insoluble.  CyeaUde  <]f 
forms  a  pale-whitish  precipitate  when  the  chloride  oi  Hiai 
miied  with  a  soluble  cyanide,  including  that  of  mercorf.  ~ 
(^ffold,  AuCy,,  is  yellowish-whifce,  and  insoluble,  but  freely 
by  solution  of  C3raiude  of  potassium.  Protocycmida  of  i/xm  has 
been  obtained,  from  the  tendency  of  the  metal  to  pass  into  the  ndksl, 
and  generate  9i  ferrocyanide,  M.  Pelouze  obtained  an  insolnbfe  gnn 
compound  containing  FeCy,Fe|Gy,  by  passing  chlorine  ^m  into  a 
boiling  solution  of  fenxxsyanide  of  potassium. 

C7ANIC  AND  OYAMURio  AOIBS. — ^Thesearetwo  remarkable  i 
bodies  related  in  a  very  close  and  intimate  manner,  and 
phenomena  of  great  interest.  Cyanic  acid  is  the  true  oxide  of 
gen:  it  is  formed  in  ouijunction  with  cyanide  of  potasaiamy 
cyanogen  gas  is  transmitted  overheated  hydrate  or  carbonate  of 
or  passed  into  a  solution  of  the  alkaline  base,  the  reaction  TfiemWing 
that  by  which  chlorate  of  potassa  and  chloride  of  potaasium  are  gene- 
rated when  the  oxide  and  the  salt-radical  are  presented  to  each  <Mhcr. 
Cyanate  of  potassa  is,  moreover,  formed  when  the  cyanide  is  eaqpoied 
to  a  high  temperature  with  excess  of  air :  unlike  the  ddoratey  it  beais 
a  full  red-heat  without  decomposition. 

Hydrated  Cyanic  Add,  CyO,HO,  is  procured  bj  heating  to  dnll 
redness  in  a  hard  glass  retort  connected  with  a  receiver  cooled  hy  YOt^ 
cyanuric  add,  deprived  of  its  water  of  crystallization.  The  cpmmic 
add  is  resolved,  without  any  other  product,  into  hydrated  cyaak  add, 
whidi  condenses  in  the  receiver  to  a  limpid,  colourless  liquid,  of  ex* 
ceedingly  pungent  and  penetrating  odour,  like  that  of  the  stna^pest 
acetic  add :  it  even  blisters  the  skin.  When  mixed  with  water,  it  de- 
composes almost  immediately,  giving  rise  to  bicarbonate  of  ammonia. 

C,NO,HO  +  2H0  =  C,0^  +  NH^ 

This  is  the  reason  why  the  hydrated  acid  cannot  be  separated  fioD 
a  cyanate  by  a  stronger  acid.  A  trace  of  cyanic  add,  however,  alway» 
escapes  decomposition,  and  communicates  to  the  carbonic  acid  evolved 
a  pungent  smell  similar  to  that  of  sulphurous  add.  The  cyaoates  may 
be  easily  distinguiehed  by  this  smell,  and  by  the  simultaneoos  foima- 
tion  of  an  ammonia-salt,  which  remains  behind. 

The  pure  hydrated  cyanic  acid  cannot  be  preserved :  shortly  after  its 
preparation  it  changes  spontaneously,  with  sudden  elevation  of  tarn* 
perature  into  a  solid,  white,  opaque,  amorphous  substance,  called 
oyameUde.  This  curious  body  has  the  same  composition  as  hydrated 
cyanic  add :  it  is  insoluble  in  water,  alcohol,  ether,  and  dilate  adds ; 
it  dissolves  in  strong  oil  of  vitriol  by  the  aid  of  heat,  with  evolution  of 
carbonic  acid  and  production  of  ammonia:  boiled  with  solution  of 
caustic  alkali,  it  dissolves,  anunonia  is  disengaged,  and  a  mixture  of 
cyanate  and  cyanurate  of  the  base  generated.  By  dry  distillation  it  is 
again  converted  into  the  hydrate  oi  cyanic  add. 
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Ctajtate  of  POTAflSA,  EOfCjO. — The  best  method  of  preparing 
this  salt  is,  aooording  to  Liebig,  to  oxidize  cyanide  of  potassium  bj 
means  of  litharge.  The  cyanide,  already  containing  a  portion  of  cyanate, 
described,  p.  586,  is  remelted  in  an  earthen  crucible,  and  finely-pow- 
dered protoxide  of  lead  added  by  small  portions ;  the  oxide  is  instan- 
taneoosly  reduced,  and  the  metal,  at  first  in  a  state  of  minute  division, 
nltimAtely  collects  to  a  fbsed  globule  at  the  bottom  of  the  crucible. 
Th«  salt  is  poured  out,  and,  when  cold,  powdered  and' boiled  with 
alcohol ;  the  hot  filtered  solation  deposits  crystals  of  cyanate  of  potassa 
on  cooling.  The  great  deoxidizing  power  exerted  by  cyanide  of  potss- 
■innk  at  a  high  temperature  promises  to  render  it  a  yaluable  agent  in 
many  of  the  finer  metallurgic  operations. 

Another  method  of  preparing  the  cyanate  is  to  mix  dried  and  finely- 
powdered  ferrocyanide  of  potassium  with  half  its  weight  of  equally  dry 
binoixide  of  manganese:  to  heat  this  mixture  in  a  shallow  iron  ladle 
with  free  exposure  to  air  and  frequent  stirring  until  the  tinder-like  com- 
bostion  is  at  an  end,  and  to  boil  the  residue  in  alcohol,  which  extracts 
the  cyanate  of  potassa. 

This  salt  crystallizes  from  alcohol  in  thin,  colourless,  transparent 
plates,  which  suffer  no  change  in  dry  air,  but  on  exposure  to  moisture 
become  gradually  converted,  without  much  alteration  of  appearance, 
into  bicarbonate  of  potassa,  ammonia  being  at  the  same  time  disen- 
gaged. Water  dissolves  the  cyanate  of  potassa  in  large  quantity :  the 
■olntion  is  slowly  decomposed  in  the  cold,  and  rapidly  at  a  boiling  heat, 
into  bicarbonate  of  potassa  and  ammonia.  When  a  concentrated  so- 
lution is  mixed  with  a  small  quantity  of  dUote  mineral  acid,  a  pre- 
cipitate fidls,  which  consists  of  add  cyanurate  of  potassa.  Cyanate  of 
potassa  is  ndaced  to  cyanide  of  potassium  by  ignition  with  charcoal  in 
a  covered  crucible. 

Cyanate  of  potasM,  mixed  with  solutions  of  lead  and  silver,  gives 
rise  to  insoluble  cyanates  of  the  oxides  of  those  metals,  which  are 
white. 

Ctakatb  or  AiOfONiA;  UREA. — When  the  vapour  of  hydrated 
cyanic  acid  is  mixed  with  excess  of  ammoniacal  gas,  a  white,  crystal- 
l&e,  solid  substance  is  produced,  which  has  all  the  characters  of  a'  true, 
although  not  neutral,  cyanate  of  ammonia.  It  dissolves  in  water,  and, 
if  mixed  with  an  add,  evolves  carbonic  acid  sas :  with  an  alkali,  it 
yields  ammonia.  If  the  solution  be  heated,  or  if  the  crystals  be  merely 
exposed  a  certain  time  to  the  air,  a  portion  of  ammonia  is  dissipated, 
and  the  properties  of  the  compound  completely  changed.  It  may  now 
be  mixed  with  adds  without  the  least  symptoms  of  decomposition, 
while  cold  canstic  alkali,  on  the  other  hand,  iiuls  to  disengage  the 
smallest  trace  of  ammonia.  The  result  of  this  curious  metamorphosis 
of  the  cyanate  is  a  substance.called  urea,  a  product  of  the  animal  body, 
the  chief  and  characteristic  constituent  of  urine.  This  artificial  forma- 
tion of  one  of  the  products  of  animal  life  will  always  possess  great 
interest.     Its  discovery  is  due  to  W3hler.    The  properties  of  urea, 
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and  the  moftt  adTantageous  methods  of  preparing  it,  wQI  be  tauoL 
described  a  few  pages  henoa 

CrANTJRic  ACID. — ^The  substance  called  meUmij  of  whidi  fiatber 
mention  will  be  made,  is  dissolyed  by  gentle  heat  in  oonoentrated  sol- 
phnric  acid,  the  solution  mixed  with  20  or  30  parts  of  water,  and  the 
whole  maintained  at  a  temperature  approaching  the  botling-paut, 
mitil  a  specimen  of  the  liquid,  on  being  tried  bj  ammonia,  oo  ' 
gives  a  white  precipitate :  several  days  are  required.  The  bqukl, 
centrated  by  evaporation,  deposits  on  cooling  cyanuric  add,  which  is 
purified  by  recrystallisation.  Another,  and  perhaps  sampler  mctbsd, 
is  to  heat  dry  and  pure  urea  in  a  flask  or  retort:  the  sabatanoe  bmHs, 
boils,  disengages  ammonia  in  lai'ge  quantity,  and  at  length  beoomw 
conyerted  into  a  dirty-white,  soUd,  amorphous  mass,  which  is  inqiore 
cyanuric  acid.  This  is  dissolved  by  the  aid  of  heat  in  atroi^  oil  c^ 
vitriol,  and  nitric  add  added  by  little  and  little  until  the  liquid  beooncs 
nearly  colourless:  it  is  then  mixed  with  water,  and  sufiored  to  eooi, 
whereupon  the  cyanuric  acid  separates^  The  urea  may  likewise  be 
decomposed  Tery  conreniently  by  gently  heating  it  in  a  tnbe,  while 
dry  chlorine  or  hydrochloric  acid  gas  passes  over  it.  A  mixtore  of  cya- 
nuric acid  and  sid-ammontac  results,  which  is  separated  by  iliawJniif 
in  water. 

Cyanuric  acid  in  a  pure  state  forms  oolonriess  crystals,  aeldom  ef 
laige  size,  derived  from  an  oblique  rhombic  prism,  which  effloreaoe  in 
a  dry  atmosphere  from  loss  of  water.  It  is  very  Uttle  soluble  in  eold 
water,  and  requires  24  parts  for  solution  at  a  boiling  heat:  it  reddcas 
litmus  feebly,  has  no  odour,  and  but  little  taste.  The  add  is  tiifaasici- 
the  crystals  contain  C,N,Of,3HO+4HO,  and  are  easily  dcfuiTed 
of  the  4  eq.  of  water  of  crystallization.  In  point  of  stability,  it  ofos 
a  most  remarkable  contrast  to  its  isomer,  cyanic  add :  it  dissolv^  as 
above  indicated,  in  hot  oil  of  vitriol,  and  even  in  strong  nitric  acid, 
without  decomposition,  and,  in  fact,  crystallizes  from  the  latter  in  aa 
anhydrous  state,  containing  C0N,O,,3HO.  Long-oontinoed  boiling 
with  these  powerful  agents  resolves  it  into  ammonia  and  earbooic 
add. 

The  connection  between  cyanic  add,  urea,  and  cyannric  add  may  be 
thus  recapitulated : — 

Cyanate  of  ammonia  is  converted  by  heat  into  urea. 

Urea  is  decomposed  by  the  same  means  into  cyanuric  acid  and 

anunonia. 
Cyanuric  acid  is  changed  by  a  very  high  temperature  into  hydntad 

cyanic  add. 

In  the  latter  reaction,  1  eq.  of  hydrated  cyannric  add  splits  into 
3  eq.  hydrated  cyanic  add. 

C,N,0„3HO=3(C,NO,HO). 
Ctanate  and  ctanurate  op  oxide  of  ethyl. — If  a  dry  mix- 
tore  of  cyanate  of  potassa  and  sulphovinate  of  potassa  be  distallad,  a 
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product  is  obtained  which  connsts  of  a  mixture  of  the  above  ethers. 
They  are  separated  withoat  difficulty,  the  cyanate  boiling  at  140°  {6(fC\ 
while  the  boiling-point  of  the  cyanurate  is  much  higher,  namely, 
528^-8  (276^C).  Cyanate  of  ethyl  is  a  mobile  liquid,  the  rapour  of 
which  excites  a  flow  of  tears.  The  composition  of  cyanate  of  ethyl  is 
CeH3NO,  =  C4HaO,C2KO=A€0,CyO.  The  formation  is  represented 
by  the  equation  KO,CyO+KO,AeO,2SO,  =  AeO,CyO+2(KO,SO,). 
The  cyanurate  of  ethyl  contains  3AeO,C,N,0, :  it  arises  in  this 
reaction  from  the  coalescence  of  3  eq.  of  cyanate  of  ethyl.  It  may  be 
likewise  obtained  by  distilling  a  mixture  of  sulphovinate  of  potasca 
with  cyanurate  of  potassa.  Qranurate  of  ethyl  is  a  crystalline  nuss, 
slightly  soluble  in  water,  readily  soluble  in  alcohol  and  ether,  fusing 
at  185°  (85^).  By  substituting  for  sulphovinate  of  potassa,  salts  of 
solphomethylic  and  suiphamylic  acid,  the  corresponding  methyl-  and 
amyl-  compounds  may  be  obtained. 

The  study  of  the  cyanic  and  cyannric  ethers,  which  were  discovered 
by  Wurt2,  has  led  to  very  important  results,  which  will  be  fully 
described  in  the  section  on  the  Organic  Bases. 

FULMDCIC  AOID. — ^This  remarkable  compound,  which  is  isomeric 
both  with  cyanic  and  cyannric  acids,  originates  in  the  peculiar  action 
exercised  by  nitrous  add  upon  alcohol  in  presence  of  a  salt  of  siher  or 
mercury.  Neither  absolute  fulminic  acid  nor  its  hydrate  has  ever  been 
obtained. 

Fulminate  of  silver  is  prepared  by  dissolving  40  or  50  grains  of 
silver,  which  need  not  be  pure,  in  f  oz.  by  measure  of  nitric  acid  of 
sp.  gr.  1  *  37  or  thereabouts,  by  the  aid  of  a  little  heat :  a  sixpence 
answers  the  purpose  very  well.  To  the  highly-acid  solution,  while 
still  hot,  2  measured  ounces  of  alcohol  are  added,  and  heat  applied 
until  reaction  commences.  The  nitric  acid  oxidizes  part  of  the  alcohol 
to  aldehyde  and  oxalic  acid,  becoming  itself  reduced  to  nitrous  acid, 
which  in  turn  acts  upon  the  alcohol  in  such  a  manner  as  to  form 
nitrons  ether,  fulminic  acid,  and  water,  1  eq.  nitrous  ether  and  1  eq. 
of  nitrous  add  containing  the  elements  of  1  eq.  fulminic  acid  and 
5  eq.  water. 

C  AO,NO,-»-  NO, = C^NjO,-!-  5H0. 

The  fulminate  of  silver  slowly  separates  from  the  hot  liquid  in  the 
form  of  small,  brilliant^  white,  crystalline  plates,  which  may  be 
washed  with  a  little  cold  water,  distributed  upon  separate  pieces  of 
filter-paper  in  portions  not  exceeding  a  grain  or  two  each,  and  left  to 
dry  in  a  warm  place.  When  dry,  the  papers  are  folded  up  and  pre- 
served in  a  box.  The  only  safe  method  of  keeping  the  salt  is  by  immers- 
ing it  under  water.  Fulminate  of  silver  is  solub^  in  36  parts  of  boiling 
water,  but  the  greater  part  crystallizes  out  on  cooling :  it  is  one  of  the 
most  dangerous  substances  to  handle  that  chemistry  presents ;  it  explodes 
*  when  strongly  heated,  or  when  rubbed  or  struck  with  a  hard  body,  or 
when  touched  with  concentrated  sulphuric  add,  with  a  degree  of 
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violence  almost  indescribable:  the  metal  is  reduced,  and  a  large 
of  gaseous  matter  suddenly  liberated.  Strange  to  say,  it  may, 
very  cautiously  mixed  with  oxide  of  copper,  be  burned  in  a  tube  -vrith 
as  much  facility  as  any  other  organic  substance.  Its  compoaitioa  H>tH 
determined  is  expi'essed  in  the  formula  2AgO,C4N,02. 

The  acid  is  evidently  bibasic :  when  fulminate  of  silver  is  digested 
with  caustic"  potassa,  one-half  of  the  oxide  is  precipitated,  and  a  coin- 
pound   produced   containing  AgOyKOyC^NgO,,  which   resembles     ti»e 
neutral  silver-salt,  and  detonates  bj  a  blow.    Corresponding  compoonds 
containing  soda  or  oxide  of  ammonium  exiift ;  but  a  pure  fulminate  of 
an  alkali-metal  has  never  been  formed.      If  fulminate  of  8ih*er    be 
digested  with  water  and  copper,  or  zinc,  the  silver  is  entirely  displaced* 
and  a  fulminate  of  the  new  metal  produced.    The  zinc-^alt  mixed  with 
baryta-water  gives  rise  to  a  precipitate  of  oxide  of  zinc,  while  /«#-> 
minate  of  zinc  and  baryta^  ZnOyBaCC^N^O,,  remains  in   sohitiaix. 
Fulminate  cf  mercury  is  prepared  by  a  process  very  similar  to  that  by 
which  the  silver-salt  is  obtained :  one  part  of  mercury  is  dissolved  in 
12  parts  of  nitric  acid,  and  the  solution  mixed  with  an  equal  quantftj 
of  alcohol :  gentle  heat  is  applied,  and  if  the  reaction  becomes  too 
violent,  it  may  be  moderated  by  the  addition  5'om  time  to  time  of 
more  spirit:  much  carbonic  add,  nitrogen,  and  red  vapours  are  dis- 
engaged, together  with  a  large  quantity  of  nitrous  ether  and  aldehyde  : 
these  are  sometimes  conde^ed  and  collected  for  sale,  but  are  said  to 
contain  hydrocyanic  add.    The  fulminate  of  mercury  separates  from 
the  hot  liquid,  and  after  cooling  may  be  purified  from  an  admixture  of 
reduced  metal  by  solution  in  boiling  water  and  recryBtallization.     It 
much  resembles  the  silver-salt  in  appearance,  properties,  and  dq;ree 
of  solnbility,  and  contains  2Hg20,C«N202.     It  explodes  violently  hj 
friction  or  percussion,  but,  unlike  the  silver-compound,  merely  bmna 
with  a  sudden  and  almost  noiseless  flash  when  kindled  in  the  open  air. 
It  is  manufactured  on  a  large  scale  for  the  purpose  of  charging  percus- 
skm-caps;  sulphur  and  chlorate  of  potassa,  or  more  frequently  nitre, 
are  added,  and  the  powder,  pressed  into  the  cap,  is  secured  by  a  drop 
of  varnish. 

The  relations  of  composition  between  the  three  isomeric  acids  ai% 
beautifblly  seen  by  comparing  their  silver-salts :  the  first  add  is  mo- 
nobasic, the  second  bibasic,  and  the  thutl  tribasic 

Cyanate  of  silver       ....       AgOyCjNO. 
Fulminate  of  silver        .         .         .  2kffiyC^fi^ 

Cyanurate  of  silver  ....     3AgO,CgNjO,. 

Until  lately,  beyond  that  of  identity  of  composition,  no  relation  was 
known  to  exist  between  fulminio  acid  and  its  isomers.  Dr.  Glad- 
stone has,  however,  shown  that,  when  a  solution  of  fulminate  of 
copper  is  mixed  with  excess  of  ammonia,  filtei^,  treated  with  sulphu- 
retted hydrogen  in  excess,  and  again  filtered  from  the  insoluble  sulphide 
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copper,  the  liquid  obtained  is  a  mixed  solution  of  urea  and  sulpho* 
oyanide  of  ammoniniD. 

Another  view  regarding  the  constitution  of  fulminic  acid  was  pro- 
posed b7  Gerhardt.  The  fnlminates  may  be  considered  as  cyanide 
or  meibyl  (aoetonitrile),  in  which  1  eq.  of  hydrogen  is  replaced  by  NO^, 
and  2-  eq^of  hydrogen  by  mercury  or  silver. 

^'  {  2S,  }  C.N. 

This  view  has  received  some  support  by  the  interesting  observation 
lately  made  by  M.  Kekul^,  that  the  action  of  chlorine  upon  fulminate 
of  mercury  gives  rise  to  the  formation  of  chloropicrin,  C2CI3NO4,  a 
substance  originally  obtained  by  Stenhouse,  which  may  be  viewed  as 
chloroform,  the  hydrogen  of  which  is  i*eplaced  by  NO4.  The  oonnec- 
tion  of  fulminic  add  with  the  methyl-series  is  thus  established. 

FuLMiNQBiC  ACID. — Lately,  a  fourth  acid,  isomeric  with  cyanic, 
fulminic,  and  cyanaric  acids,  has  been  discovered  simultaneously  by 
Liebig  and  by  Schischkoff.  This  acid,  to  which  the  name  fulminnric 
acid  has  been  given,  is  obtained  by  the  action  of  a  soluble  chloride  upon 
fulminate  of  mercury.  On  boiling  fulminating  mercury  with  an 
aqueous  solution  of  chloride  of  potassium,  the  mercury  salt  gradually 
dissolves ;  the  dear  solution,  after  some  time,  becomes  turbid,  in  conse- 
qaenoe  of  a  separation*  of  protoxide  of  mercury:  it  now  contains 
fulminurate  of  potassa.  Two  phases  may  be  distinguished  in  this  re- 
action. If,  for  the  sake  of  simplicity,  we  halve  the  formula  of  fulminate 
of  mercury,  the  first  stage  may  be  represented  by  the  equation 

3(HgO,CyO)  +  3KC1  =  3(KO,CyO)  +  3HgCL 

In  tiie  second  stage,  2  equivalents  of  water  participate  in  the  reaction : 

8(KO,CyQ)+2HO+3HgCl=KO,Cy,H,Oj+2HgO+Hgq+2KC!L 

Fnhninurate 
of  potassa. 

If,  instead  of  chloride  of  potassium,  chloride  of  sodium  or  ammo- 
nium be  employed,  the  corresponding  soda  and  ammonia  compounds 
are  obtained.  The  fulminurates  crystallize  with  great  facility :  they 
are  not  explosive. 

Fulminuric  add  has  the  same  composition  as  cyanuric  acid,  but  it  is 
monobasic;  cyanuric  acid  being  tribcuic. 

Chloeides  of  gtanooen. — Chlorine  forms  two  compounds  with 
cyanogen,  or  its  elements,  which  ai'e  isomeric,  and  correspond  to  cyanic 
and  cyanuric  acids.  Oaseous  chioride  of  cyanogen,  CyCl,  is  formed 
by  conducting  chlorine  gas  into  anhydrous  hycLrocycanic  add,  or  by 
passing  chlorine  over  moist  cyanide  of  mercury  contained  in  a  tube 

2q 
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sheltered  from  the  light.  It  is  a  permanent  and  ooloarleas  gas  at  the 
temperature  of  the  air,  of  insupportable  pungency,  and  solnfale  to  a 
very  considerable  extent  in  water,  alcohol,  and  e^er.  At  0°(  —  17^'8C) 
it  congeals  to  a  mass  of  colourless  crystals,  which  at  5°  (  ~  15^)  mA 
to  a  liquid  whose  boiling  point  is  ll^'  (  - 11^*60).  At  the  tempen- 
tore  of  the  air  it  is  condensed  to  the  liquid  form  under  a  pressure  of 
four  atmospheres,  and  when  long  preserved  in  this  oondition'  in  her- 
meticaUy-sesled  tubes  it  gradually  passes  into  the  solid  modification. 

On  passing  gaseous  chloride  of  cyanogen  into  a  solution  of  anunook 
in  anhydrous  ether,  chloride  of  ammonium  is  deposited,  the  ether  con- 
taining cyanamide,  CgN^Hj,  in  soluticxi,  from  which  it  separates  oo 
evaporation  in  the  crystalline  form.  Cywiamide  is  easily  aolabla  in 
water,  alcohol,  and  ether:  it  fuses  at  104^  r40°C). 

Solid  chhride  of  cyanogen  is  generated  wnen  anhvdnnis  hydrocTanie 
add  is  put  into  a  vessel  of  diloiine  gas,  and  the  whole  exposed  to  the 
sun:  hydrochloric  acid  is  formed  at  the  same  time.  It  forms  long 
colourless  needles,  which  exhale  a  powerful  and  offensive  odour,  com- 
pared by  some  to  that  of  the  excrement  of  mice :  it  melts  at  284° 
(140°C),  and  sublimes  unchanged  at  a  higher  temperature.  When 
heated  in  contact  with  water,  it  is  decomposed  into  cyanuric  and 
hydrochloric  acids.  This  compound  may  be  represented  by  the  for- 
mula Cy,Cl.,  or  CgKjCl,.  It  dissolves  in  alcohol  and  ether  without 
decomposition. 

Bromide  and  iodide  of  ctanooen  correspond  to  the  first  of  the 
preceding  compounds,  and  are  prepared  by  distilling  bromine  or  iodine 
with  cyanide  of  mercury.  They  are  coloufless,  volatile,  solid  sub- 
stances, of  powerful  odour. 

Sulphide  of  cyanogen,  CyS,  was  recently  obtained  by  M.  Lmne- 
mann  by  the  action  of  iodide  of  cyanogen  upon  sulphocyanide  of  silver : 
it  crystallizes  in  transparent  volatile  rhombic  plates,  possesdng  an  odoor 
similar  to  that  of  iodide  of  cyanogen.  Sulphide  of  cyanogoi  fuses  at 
140°  (60°C),  but  rapidly  decomposes  at  a  higher  temperature:  it  is  so- 
luble in  ether,  alcohol,  and  water,  and  separates  from  hot  conoentiafted 
solutions  on  cooling  in  the  crystalline  form. 

FERBOOYANOGEN  AND  ITS  00MF0DND6. 

When  a  solution  of  cyanide  of  potassium  is  digested  with  iron 
filings  at  a  gentle  heat  in  an  open  vessel,  oxygen  is  abrorbed  firoin  the 
air,  the  iron  dissolves  quietly  and  disappears,  and  a  hiehly-alkaline, 
yellow  liquid  is  obtained,  which  on  evaporation  deposits  lemon-yellow 
crystals  containing  potassium  in  combination  with  a  new  salt-radical 
composed  of  the  metal  iron  and  the  elements  of  cyanogen:  in  the 
mother-liquid  hydrate  of  potassa  is  found.  3  eq.  cyanide  (rf' potassium, 
1  eq.  iron,  and  1  eq.  oxygen,  yield  1  eq.  of  the  new  salt,  and  1  eq.  of 
potassa. 

3KCy  +  Fe  +  0  =  KO  +  K^C,N,Fe. 
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The  new  robstmep  is  called  ferroctfonogen^  and  is  designated  bj  the 
symbol  Cfy :  it  is  biba6i<^  neutralizing  2  equivalents  of  metal  or  hydro- 
gen, and  contains  the  elements  of  3  equivalents  of  cyanogen  combined 
with  1  eq.  of  iron.     It  has  never  been  isolated. ' 

When  iron  in  filings  is  heated  in  a  small  retort  with  a  solution  of 
(Tanide  of  potassium,  it  is  dissolved  vnih  evolution  of  hydrogen,  caustic 
potaasa  and  the  new  substance  being  generated :  the  oxygen  in  this  case 
is  derived  from  the  decomposition  of  water.  Sulphide  of  iron  and 
cyanide  of  potassinm  give  rise,  under  similar  circumstances,  to  sulphide 
of  potassium  and  ferrocyanide  of  potassium. 

Htdroferbocyanic  acid,  U^Cfy.—Ferrocyanide  of  lead  or  cop- 
per, both  of  which  are  insoluble,  may  be  suspended  in  water,  and 
decomposed  by  a  stream  of  sulphuretted  hydrogen  gas.  The  filtered 
solution  evaporated  in  the  vacuum  of  the  air-pump  over  a  sur&ce  of 
oil  of  vitriol,  furnishes  the  add  in  a  solid  form.  If  the  aqueous  so- 
lution be  agitated  with  ether,  nearly  the  whole  of  the  acid  separates  in 
colourless,  crystalline  laminae :  it  may  even  be  made  In  large  quantity 
by  adding  hydrochloiic  acid  to  a  strong  solution  of  ferrocyanide  of  po- 
tassinm in  water  free  from  air,  and  shaking  the  whole  with  ether.  The 
crystals  may  be  dissolved  in  alcohol,  and  the  acid  acain  thrown  down 
by  ether,  which  possesses  the  remarkable  property  of  precipitatins  this 
substance  from  solution.  Hydroferrocyanic  add  diSers  completely 
from  hydrocyanic  add :  its  solution  in  water  has  a  powerfully  acid 
taste  and  reaction,  and  decomposes  alkaline  carbonates  with  efferves- 
cence :  it  refuses  to  dissolve  oxide  of  mercury  in  the  cold,  but  when 
heat  is  applied,  undergoes  decomposition,  forming  cyanide  of  mercury 
and  a  pecuUar  compound  of  iron,  cyanogen,  and  oxygen,  with  reduction 
of  some  of  the  oxide.  In  a  dry  state  the  add  is  very  permanent,  but 
when  long  exposed  to  the  air  in  contact  with  water  it  becomes  entirely 
converted  into  Prussian  blue.  This  interesting  substance  was  discovert 
by  Mr.  Ponrett. 

Fekboctanide  of  potassium,  frequently  called  Yellow  pruasiate 
of  potash,  K,Cfy+3HO,or  KjCgNgFe+SHO.— This  most  beautifal 
salt  is  manuractured  on  a  large  scale  by  the  following  process,  which 
will  now  be  easily  intelligible : — Dry  refuse  animal  matter  of  any^kind 
is  fused  at  a  red-heat  with  impure  carbonate  of  potassa  and  some  iron- 
filings  in  a  large  iron  vessel,  finom  which  the  air  should  be  excluded  as 
mudi  as  possible :  cyanide  of  potassium  is  generated  in  laxge  quantity. 
The  melted  mass  is  afterwards  treated  with  hot  water,  which  dis- 
solves out  the  cyanide  and  other  salts:  the  cyanide  being  quickly 
converted  by  the  oxide  or  sulphide*  of  iron  into  ferrocyanide.  The 
filtered  solution  is  evaporated,  and  the  first-formed  crystals  purified  by 
resolution.  If  a  sufficient  quantl^  of  iron  be  not  present,  great  loss 
is  incurred  by  the  decomposition  of  the  cyanide  into  carbonate  of  po- 
tassa and  ammonia. 

*  The  satptanr  Is  derived  from  the  reduced  sulphate  of  the  cmde  jMsrl-asbes 
and  the  aninoal  substances  used  in  this  manufacture. 
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A  new  procen  for  the  preparation  of  ferrocjanide  of  potsaahim 
lately  been  proposed  bf  M.  G^Iis.  It  consists  in  oonverting  bimJ- 
phide  of  cartKm  into  ^ulphocarbonate  of  ammonium  by  i^tatn^  it 
with  sulphide  of  ammonium:  CSj+NH^SzzNHfS.CS,,  ax^  heatii^ 
the  pix)duct  thus  obtained  with  sulphide  of  potassium,  when  snlpbo- 
cyanide  of  potaadum  (see  page  601)  is  formed  with  evolution  of  sul- 
phide of  ammonium  and  sulphuretted  hydrogen:  2(NH4S,CSf)-f-KSs= 
C^NSsK+NH^S^HS+SHS.  The  sulphocyanide  of  potassium  is  dried, 
mixed  with  finely-divided  metallic  iron,  and  heated  for  a  short  time  in 
a  closed  iron  vessel  to  a  dull  redne^is,  when  the  mixture  is  oonTerted 
into  ferrocyanide  of  potassium,  sulphide  of  potassium,  and  sulphide  of 
iron:  6(C,NS,K)+liiFe=2K,Cfy+10FeS+2KS.  By  treatment  witli 
water  the  sulphide  and  ferrocyanide  of  potassium  are  dissolred,  and 
on  evaporation  the  ferrocyanide  is  obtained  in  crystals.  It  remains 
to  be  seen  whether  this  ingenious  process  is  capable  of  being  carried 
out  upon  a  large  scale. 

Ferrocyanide  of  potassium  forms  large,  transparent,  yellow  GrTstala, 
derived  from  an  octahedron  with  a  square  base :  they  cleave  with  faci- 
lity in  a  direction  pArallel  to  the  base  of  the  octahedron,  and  are  tougii 
and  difficult  to  powder.  They  dissolve  in  4  parts  of  cold,  and  in  2  of 
boiling  water,  and  are  insoluble  in  alcohol.  They  ai^  permanent  m 
the  air,  and  have  a  mild  saline  taste.  The  salt  has  no  poisonous  pro- 
perties, and  in  small  doses,  at  least,  is  merely  purgative.  Exposed  to  a 
genUe  heat,  it  loses  3  eq.  of  water,  and  becomes  anhydrous :  at  a  high 
temperature  it  yields  cyanide  of  potassium,  carbide  of  iron,  and  various 
gaseous  products ;  if  air  be  admitted,  the  cyanide  becomes  cyanate. 

The  ferrocyanides  are  often  described  as  double  salts,  in  which  pro- 
tocyanide  of  iron  is  combined  with  other  metallic  cyanides,  or  with 
cyanide  of  hydrogen.  Thus  hydroferrocyanic  acid  is  written  FeCy, 
2HCy,  and  ferrocyanide  of  potassium,  FeCy,2KCy+3HO;  the  oxygen 
and  hydrogen  of  the  water  of  crystallization  b^ng  respectively  side^ 
quate  to  conveil  the  metals  into  protoxides  and  the  cyanogen  into 
hydrocyanic  acid.  This  view  has  the  merit  of  simplicity,  and  will 
often  prove  a  useful  aid  to  the  memory ;  but  there  are  insuperable 
objections  to  its  adoption  as  a  sound  and  satisfactory  theory. 

Ferrocyanide  of  potassium  is  a  chemical  reagent  of  great  value : 
when  mixed  in  solution  with  neutral  or  slightly-acid  salts  of  the  metals 
proper,  it  gives  rise  to  precipitates  which  very  frequently  present 
highly  characteristic  colours.  In  most  of  these  compounds  the  potas- 
sium of  the  base  is  simply  displaced  by  the  new  metal :  the  beantiful 
brown  ferrocyanide  of  copper  contains,  for  example,  CujCfy  or  Cu,C« 
NaFe,  and  that  of  lead,  Phfify.  With  salts  of  protoxide  of  iron  it 
gives  a  bluish  precipitate,  which  becomes  rapidly  dark  blue  by  exposure 
to  air :  this  appears  to  be  a  compound  of  the  neutral  ferrocyanide  of 
iron,  Fe,Cfy,  with  ferrocyanide  of  potassium. 

When  a  ferrocyanide  is  added  to  a  solution  of  a  salt  of  aesquioxide  of 
iron,  Prussian  Blue  is  produced.     Although  this  remarkable  substance 
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has  DOW  been  loDg  known,  and  many  elaborate  reiearcheB  have  been 
made  with  a  view  of  determining  its  exact  composition,  the  problem 
cannot  yet  be  said  to  be  completely  solved.  This  difBcalty  arises  in 
great  measure  from  the  existence  of  several  distinct  deep>blue  com- 
pounds formt'd  nndo*  difierent  circumstances,  and  having  many  pro- 
perties in  common,  whidi  have  been  frequently  confounded.  The  fol- 
lowing is  a  summary  of  the  account  given  by  Berzelius,  who  has  paid 
much  attention  to  this  subject. 

Ordinary  Prusnan  Blue,  CigN^Fe^  or  Fe^Cfy,.— This  is  best  pre- 
pared by  adding  nitrate  of  sesquioxide  of  iron  to  solution  of  ferro- 
cyanide  of  potassium,  keeping  the  latter  in  slight  excess.     It  forms  a 
bulky  precipitate  of  the  most  intense  blue,  which  shrinks  to  a  compara- 
tively small  compass  when  well  washed  and  dried  by  a  gentle  heaU 
In  a  dry  state  it  is  hard  and  brittle,  much  resembling  in  appearance 
the  best  indigo :  the  fi-eshly-fractured  surfiuses  have  a  beautiful  copper- 
red  lustre,  similar  to  that  produced  by  rubbing  indigo  with  a  hard 
body.     Prussian  blue  is  quite  insoluble  in  water,  and  dilute  acids, 
with  the  exception  of  oxalic  acid,  in  a  solution  of  which  it  dissolves, 
forming  a  deep-blue  liquid,  which  is  sometimes  used  as  ink :  concen- 
trated oil  of  vitriol  converts  it  into  a  white,  pasty  mass,  which  again 
becomes  blue  on  the  addition  of  water.     Alkalis  destroy  the  colour 
instantly  :  they  dissolve  out  a  ferrocyanide,  and  leave  sesquioxide  of 
iron.     Boiled  with  water  and  red  oxide  of  mercury,  it  yields  a  cyanide 
of  the  metal,  and  sesquioxide  of  iron.     Heated  in  the  air,  Prussian 
blue  bums  like  tinder,  leaving  a  residue  of  sesquioxide  of  iron.     Ex- 
posed to  a  high  temperature  in  a  close  vessel,  it  disengages  water, 
cyanide  of  ammonium,  and  carbonate  of  ammonia,  and  leaves  carbide 
of  iron.     This  substance  forms  a  very  beautiful  pigmeut,  both  an  oil 
and  a  water  colour,  but  has  little  permanency.    The  Prussian  blue  of 
commerce  is  always  exceedingly  impure  :  it  contains  alumina  and  other 
matters,  which  greatly  diminish  the  brilliancy  of  the  colour. 

The  production  of  Prussian  blue  by  mixing  a  salt  of  sesquioxide  of  iron 
and  ferrocyanide  of  potassium  or  sodium  may  thus  be  elucidated : — 


3  eq.  ferrocyamde  of 

potassium 
2  eq.    nitrate    of 


3  eq.  ferrocyanogen ^^^,..^-  Prussian  blue. 

6  eq.  potassium 

4  eq.  iron 
6  eq.  oxygen 


sesquioxide   of  <  <  

iron  (6  eq.  nitric  add  • ^    6   eq.  nitrate 


of 
3K,Cfy     -h    2(Fe,0„3NO^     =     Fe.Cfy,     +     6(KO,N04). 

In  the  above  formula  no  account  is  taken  of  the  elements  of  water 
which  Prussian  blue  certainly  contains :  in  fact,  it  must  be  looked 
upon  as  still  requiring  examination. 

The  theory  of  the  beautiful  test  of  Scheele  for  the  discovery  of  fay- 
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diocyiMiie  add,  or  any  stdaUe  cjainde,  will  now  be  deariy  intd^pble. 
The  liquid  is  mixed  with  a  alt  of  protoxide  of  inm  «nd  eneH  c£ 
camtie  alkali:  the  protoxide  of  inm  qvicklj  oanTerts  tlie  aTkalmp 
cyanide  into  femcyaude.  By  expoaore  for  a  diort  time  to  the  air, 
another  portion  of  the  hydnted  oxide  beoomei  ponxidixed:  whea 
excoi  of  add  is  added,  this  is  dianlTod,  together  with  the  unaltered 
protoxide ;  and  thns  presented  to  the  ferroe^uiide  in  a  atate  Gtbed  fiw 
the  prodoction  of  Pniesian  blue. 

Basic  Pruttkm  Bhu,  Fefify^+Fefig,—'^^  ^  *  fomHnatinn  of 
Pnuaian  Une  with  senioioxide  of  iron :  it  is  fenned  by  expoiiug  tp 
the  air  the  white  or  pale-bloe  predpitate  canaed  by  a  faiucyanide  in 
a  Mlation  of  protoealt  of  iron.  It  difloa  from  the  preceding  in  bdi^ 
•olable  in  pure  water,  although  not  in  a  nline  eolation. 

The  bine  predpitate,  obtained  by  adding  nitrate  of  aeaquioxide  of 
iron  to  a  huge  excess  of  ferrocyanide  of  potaadom,  ia  a  miztore  of 
insoluble  Pmasian  blue,  with  a  compound  containing  that  aofastaooe  in 
union  with  ferrocyanide  of  potaadum,  or  ¥efifyf+2Kfifj,  This 
also  disaolrea  in  water  as  soon  as  the  salts  ha^e  been  remored  by 
washing. 

The  other  fierrocyanides  may  be  despatdied  in  a  few  words. 

The  Bodortalt,  Na,Cty+12H0,  crystallizes  in  yellow  four-aided 
prisms,  which  are  efflorescent  in  the  air  and  very  soluble. 

Ferrocyamde  of  ammonium,  (lIH4)2Cfy+3H0,  is  isomorphous  with 
ferrocyanide  of  potassium :  it  is  easily  soluble,  and  is  deoompoeed  by 
ebullition.  Ferrocyanide  of  6artum,  Ba,Cly,  prepared  by  double  de- 
oompodtion,  or  by  boiling  Pnisdan  blue  in  baryta-water,  forms 
minute  yellow,  anhydrous  crystals,  which  have  but  a  small  degree  of 
solubility  even  in  boiling  water.  The  corresponding  compounds  of 
strontium,  calcium,  and  magnesium  are  more  fi^y  soluble.  The  fer- 
rocyanides  of  siher,  lead,  zinc,  manganese,  and  bismuth  are  white  and 
insoluble ;  those  of  nickel  and  cobalt  are  pale-green  and  insoluble ; 
and,  lastly,  that  of  copper  has  a  beautiful  reddish-brown  tint. 

Ferrocyanldes  with  two  bade  metals  are  occadonally  met  with ; 
whoi,  for  example,  conooitnited  solutions  of  ddoride  of^  caldum  and 
ferrocyanide  of  potassium  are  mixed,  a  sparingly-soluble  crystalline 
precipitate  falls,  containing  KCaCfy,  the  salt-radiod  being  half  aata- 
rated  with  potassium  and  half  with  caldum ;  many  similar  compounds 
haye  been  formed. 

Ferri-,  or  FERBIDCTANOQEN,  C^K^Fe, ;  or  Cfdy. — ^This  name  is 
given  to  a  substanoe,  by  some  thought  to  be  a  new  salt-radical,  iso- 
meric with  ferrocyanogen,  but  differing  in  capadty  of  saturation :  it 
has  never  been  isolated.  Ferrioyanide  of  potassium  is  thus  pre- 
pared :— Chlorine  is  slowly  passed,  with  agitation,  into  a  somewhat 
dilate  and  cold  solution  of  ferrocyanide  of  potasdam,  until  the  liquid 
acquires  a  deep  reddish-green  colour,  and  ceases  to  predpitate  a  salt  oi 
the  sesquioxide  of  iron.    It  is  then  evaporated  untu  a  skin  b^;ix»  to 
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form  npon  the  snrface,  filtered,  and  left  to  cool ;  the  salt  is  purified  by 
recryvtalliaatioD.  It  forms  regular  prismatic,  or  sometimes  tabular 
crystals,  of  a  beautiful  ruby-red  tint,  permanent  in  the  air,  and  so- 
luble in  4  parts  of  cold  water:  the  solution  has  a  dark-greenish  colour. 
The  crystals  bum  when  introduoed  into  the  flame  of  a  candle,  and  emit 
sparks. 

Ferricyanide  of  potassium  contains  K,Cfdy ;  hence  the  radical  is 
trifaasic!  the  salt  is  formed  by  the  abstraction  of  an  equiralent  of 
potassiam  from  2  eq.  of  the  yellow  ferrocyanide  of  potassiam.  It  is 
deoompooed  by  excess  of  chlorine,  and  by  deoxidizmg  agents,  as  sul- 
phuretted hydrogen.  The  term  red  prusskUe  of  potash  is  often,  bat 
Tery  improperly,  given  to  this  substance. 

Perrioyanide  of  hydrogen  is  obtained  in  the  form  of  a  reddish-brown 
acid  liquid,  by  decompising  ferricyanide  of  lead  with  sulphuric  add : 
it  is  very  instable,  and  is  resolved,  by  boiling,  into  an  hydrated  sesqui- 
cyanide  of  iron,  an  insoluble  dark-green  powder,  containing  Fe,Cy, 
4-3HO,  and  hydrocyanic  acid.  The  ferricyanides  of  eodium,  am- 
moniumf  and  of  the  alkaline  eai-ths  are  soluble ;  those  of  most  of  the 
other  metals  are  insoluble.  Ferricyanide  of  potassium,  added  to  a 
salt  of  the  setquioxide  of  iron,  occasions  no  precipitate,  but  merely  a 
darkening  of  the  reddish-brown  colour  of  the  solution;  with  protr 
oxide  of  iron,  on  the  other  hand,  it  gives  a  deep-blue  precipitate,  con- 
taining Fe,Cfdy,  which,  when  dry,  has  a  brighter  tint  than  that  of 
Prussian  blue :  it  is  known  under  the  name  of  TurtibuiPs  blue.  Hence, 
ferricyanide  of  potassium  is  as  excellent  a  test  for  protoxide  of  iron,  as 
the  yellow  ferrocyanide  is  for  the  sesquioxide. 

OOBALTIOYANOOEN. — A  series  of  compounds  analogous  to  the  pre- 
ceding, containing  cobalt  in  place  of  iron,  have  been  formed  and 
studied ;  a  hydrogen-acid  has  been  obtained,  and  a  number  of  salts, 
wbich  much  resemble  those  of  ferricyanogen.  Several  other  metals  of 
the  same  isomorphous  family  are  found  capable  of  replacing  iron  in 
these  circumstances. 

NiTBOPBUSSiDES. — The  action  of  nitric  add  upon  ferrocyanides 
and  ferricyanides  gives  rise  to  the  formation  of  a  very  interesting 
series  of  new  salts,  which  were  discovered  by  Dr.  Playfair.  The  ge- 
neral formula  of  these  salts  appeara  t^  be  MfKe^Cy^NOg,  which  exhibits 
a  dose  relation  with  those  of  the  ferro-  and  ferricyanides. 

2M,Cfy     =     M^    Fe,       Cy.     =     ferrocyanides. 
If  3     Fe^       Cy,     rr     ferricyanides. 


^s    ^^      iKO     ^     nitroprussides. 

Z 


According  to  this  formula,  the  formation  of  the  nitroprusddes  would 
consist  in  the  reduction  of  the  nitric  add  t  o  the  state  of  binoxide  of 
nitixM^n,  which  replaces  1  eq.  of  cyanoge^  i  in  2  eq.  of  ferrocyanide. 
The  formation  of  these  salts  is  attended  by  the  production  of  a  variety 
of  secondary  products,  such  as  cyanogen,  oxamide,  hydrocyanic  add. 
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nitrogen,  carbonic  acid,  &e.  One  of  the  finert  conapounds  of  t&i» 
fieries  is  the  nitroprutside  of  sodium,  Nt^Fe^CjANOf-f-^HO,  which  Is 
readilj  obtained  by  treating  2  parts  of  the  powdered  ferrocjranide  witk 
5  parts  of  common  nitric  acid,  prerionsl^r  diluted  with  its  own 
volume  of  water.  The  solation,  after  the  evolution  of  gas  has 
is  digested  on  the  water-bath,  until  salts  of  protoxide  of  inm  no 
yield  a  blue  but  a  slate-coloured  precipitate.  The  liquid  is 
allowed  to  cool,  when  much  nitrate  of  potassa,  and  oocasioimUr 
mide,  is  deposited :  it  is  filtered  and  neutralised  with  carbonate  of 
soda,  which  vields  a  green  or  brown  precipitate,  and  furnishes  a  mbj- 
ooloured  filtrate.  This,  on  evaporation,  gives  a  cTTstalliaatioii  of 
nitrate  of  potassa  and  soda,  together  with  the  new  salt.  The  cfjstak 
of  the  latter  are  felected  and  purified  by  crystallization ;  they  are 
rhombicy  and  of  a  splendid  ruby  colour.  The  soluble  nitropmssides 
strilce  a  most  beautful  violet  tint  with  soluble  sulphides.  This  reac- 
tion is  recommended  by  Dr.  Play&ir  as  the  most  delicate  test  for  alica* 
line  sulphides. 

8ULPB00TAV0GEN  ;  ITS  COMPOUNDS  AND  DERIVATirXS. 

The  elements  of  cyanogen  combine  with  sulphur,  forming  a  very 
important  and  well-defined  salt-radical,  called  sulphocyanogen^  whidi 
contains  C^NS,,  and  is  monobasic :  it  is  expressed  by  the  symbol  Gey. 

SULPHOorANiDB  OF  POTASSIUM,  KOsy. — Yellow  ferrocyanide  of 
potassium,  deprived  of  its  water  of  crystallization,  is  intimatdy  mized 
with  half  its  weight  of  sulphur,  and  the  whole  heated  to  tranqiul 
fusion  in  an  iron  pot,  and  kept  for  some  time  in  tiiat  conditioQ. 
When  cold,  the  melted  mass  is  boiled  with  water,  which  dissolves  out 
a  mixture  of  sulphocyanide  of  potassium  and  sulphocyanide  of  iroii, 
leaving  little  behind  but  the  excess  of  sulphur  employed  in  the  ez* 
penmen t.  This  solution,  which  becomes  red  on  exposure  to  the  air 
from  the  oxidation  of  the  iron,  is  mixed  with  carbonate  <^  potassa^  bj 
which  the  oxide  of  iron  is  precipitated,  and  potassium  substituted :  ao 
excess  of  the  carbonate  must  be,  as  fiir  as  possible,  avoided.  The  fil- 
tered liquid  is  concoitrated,  by  evaporation  over  an  open  fire,  to  a 
small  bulk,  and  left  to  cool  and  ^stallize.  The  crystals  are  dniined, 
purified  by  re-solution,  if  necessary,  or  dried  by  endoong  them, 
spread  on  filter-paper,  over  a  surface  of  oil  of  vitriol,  covered  by  a 
beU-jar. 

The  reaction  between  the  sulphur  and  the  elements  of  the  yellow 
salt  is  easily  explained :  1  eq.  of  ferrocyanide  of  potassium,  and  6  eq. 
sulphur,  yielded  2  eq.  of  sulphocyanide  of  potassium,  and  1  eq.  of  sul- 
phocyanide of  iron. 

K,C,N,Fe+6S  =  2(KC,NS,)+  FeC,NS,. 

Another  and  even  better  process  consists  in  gradually  heating  to  knr 
redness  in  a  covered  vessel  a  mixture  of  46  parts  of  dried  ferrocyanide 
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of  potassiam,  82  of  sulphur,  and  17  of  pure  carbonate  of  potana. 
The  maas  is  ezhaasted  by  water^  tbe  aqiKous  solution  evaporated  to 
drjmess  and  extracted  with  alcohol.  The  akx>holic  liquid  deposita 
splendid  crystals  on  cooling  or  evaporation. 

The  new  salt  crystallizes  in  long,  sknder,  coloarless  prtsma,  or 
plates,  which  are  anhydroos :  it  has  a  bitter  saline  taste,  and  is  desti- 
tute 0^  poisonous  propeilies :  it  is  veiy  soluble  in  water  and  alcohol, 
and  deliqnesoes  when  exposed  to  a  moist  atmosphere.  When  heated, 
H  ftises  to  a  coloarless  liquid,  at  a  temperature  fiir  below  that  of  ig- 
nition. 

When  dilorine  is  passed  into  a  strong  solution  of  sulphocyanide  of 
potassium,  a  lai^  quantity  of  a  balky,  deep  yellow,  insoluble  sub- 
stanoe,  resembling  some  varieties  of  chromate  of  lead,  is  produced,  to- 
gether with  cUoiide  of  potassium,  which  tends  to  choke  up  the  tube 
deliTeiing  the  gas ;  the  liquid  sometimes  assumes  a  deep-red  tint»  and 
disengages  a  pungent  vapour,  probably  chloride  of  cyanogen.  This 
yellow  matter  may  be  collected  on  a  filter,  well  washed  with  boiling 
water,  and  dried :  it  retains  its  brilliancy  of  tint.  The  term  si^- 
pho-eyemogen  has  generally  been  applied  to  this  substance,  from 
its  snppoeed  identity  with  the  radical  of  the  sulphocyanides :  it 
is,  however,  invariably  foand  to  contain  hydrogen  ;  and  a  furmala 
more  complex  than  that  belonging  to  the  true  sulphocyanogen, 
namely,  C, N,HS,,  has  been  assigned  to  it.  The  yellow  substance  is 
qaite  insoluble  in  water,  alcohol,  and  ether:  it  dissolves  hi  ooncen- 
trated  sulphuric  acid,  fram  which  it  is  precipitated  by  dilation. 
Caostic  potassa  also  dissolves  it,  with  decomposition  ;  acids  throw 
down  from  this  solution  a  pale-yellow,  insoluble  body,  having  add 
properties.  When  heated  in  a  dry  state,  the  so-called  sulphocyanogen 
evolves  sulphur  and  bisulphide  of  carbon,  and  leaves  a  curious,  pale 
straw-yellow  substance,  called  meUon^  which  contains  Ci,N|3,  and  it 
known  to  combine  with  hydrogen,  and  the  metals.  Mellon  bears  a 
doll  red-heat  without  decomposition,  but  is  resolved  by  strong  ignition 
into  a  mixture  of  cyanogen  and  nitrogen  gases.  It  is  quite  insoluble 
in  water,  alcohol,  and  dilute  acids. 

Htdbosulphoctanic  acid,  HOsy,  is  obtained  by  decomposing 
salphocyanide  of  lead,  sospended  in  water,  by  sul]^aretted  hydrogen. 
The  61tered  solntion  is  colourless,  very  acid,  and  not  poisonous :  it  is 
easily  deoMnposed,  in  a  very  complex  manner,  by  ^ullition,  and  by 
exposure  to  the  air.  By  neutralizing  the  liquid  with  ammonia,  and 
evaporating,  very  gently,  to  dryness,  sulphocyanide  of  ammoniumf 
NH^Csy,  is  obtained  as  a  deliquescent,  saline  mass.  This  salt  may 
be  conveniently  prepared  by  digesting  hydrocyanic  acid  with  yellow 
sulphide  of  ammonium,  and  boiling  off  the  excess  of  the  latter  (NH^S, 
+ HCy  =  N  HfOiy + HS).  The  sulphocyanides  of  sodium,  barhan,  atron- 
iium,  oahium,  manganesef  and  iron,  are  colourless  and  very  soluble : 
those  of  lead  and  silver  are  white  and  insoluble.  A  soluble  suljAo- 
eyanide,  mixed  with  a  salt  of  the  sesquioxide  of  iron,  gives  no  preci> 
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pitate,  bat  caims  the  liquid  to  assume  a  deep  blood^red  tint: 
the  occasional  use  of  sulphocyanide  of  potassium  as  a  test  for  iroD  m 
the  state  of  sesquiozide.  The  red  colour  produced  by  snlpbocTanida 
in  solution  of  sesquiozide  of  iron  is  exactly  like  that  caused  under 
similar  drcamstances  by  meoonic  acid.  The  two  substanoes  may, 
howerer,  be  readily  distinguished  by  the  addition  of  a  solDtkm  of 
chloride  of  gold,  which  destroys  the  colour  produced  bj  salpho^aniiiefti 
The  meoonate  of  iron  may  also  be  distinguished  from  the  sulphoeja- 
nide,  as  Everitt  has  shown,  by  an  addition  of  oorrosire  sablhn^i^ 
which  bleaches  the  sulphocyanide,  but  has  little  eSket  upon  the  m*- 
conate.  This  is  a  point  of  considerable  practical  importance,  as  in 
medico-legal  inquiries,  in  which  evidence  of  the  presence  of  optum  is 
sought  for  in  complex  oiganic  mixtures,  the  detection  of  meoooie  acid  is 
usually  the  object  of  the  chemist:  and  since  traces  of  alkaline  snlplia- 
cyanide  are  to  be  found  in  the  saliva,  it  becomes  very  desirable  to  re- 
move that  source  of  error  and  ambiguity. 

The  great  facility  with  which  hydrocyanic  acid  may  be  conTerted 
into  sulphocyanide  of  ammonium  enables  us  to  ascertain  its  presence 
by  the  iron  test  just  described.  The  cyanide  to  be- examined  ia  mixed 
in  a  watch-glass  with  some  hydrochloric  acid  and  covered  with  anotJher 
watch-glass,  to  which  a  few  drops  of  yellow  sulphide  of  ammonioin 
adhere.  On  heating  the  mixture,  hydrocyanic  add  is  disengaged, 
which  combines  with  the  sulphide  of  ammonium,  and  produces  sul^ifr* 
cyanide  of  ammonium :  this,  afier  expulsion  of  the  excess  of  8ulphide» 
yields  the  red  colour  with  solution  of  sesquichloride  of  iron. 

Selenocyanooen. — A  series  of  salts  containing  selenium,  and  cor- 
responding in  their  composition  and  properties  with  the  sulphocyantdei, 
exist.    They  have  been  studied  by  Mr.  Crookes. 

Melam. — Such  is  the  name  given  by  Liebig  to  a  curious  boff- 
coloured,  insoluble,  amorphous  substance,  obtain^  by  the  distallation 
at  a  high  temperature  of  sulphocyanide  of  ammonium.  It  may  be 
prepared  in  large  quantity  by  intimately  mixing  1  part  of  perfectly 
dry  sulphocyanide  of  potassium  with  2  parts  of  powdered  aal-am* 
moniac,  and  heating  the  mixture  for  some  time  in  a  retort  or  flaik: 
bisulphide  of  carbon,  sulphide  of  ammonium,  and  sulphuretted  hy- 
drogen are  disengaged  and  volatilized,  while  a  mixture  of  mdam, 
chloride  of  potassium,  and  some  sal-anmioniac  remains :  the  two  latter 
substances  are  removed  by  wsshing  with  hot  water.  Melam  <Hiniain« 
C.^yNi, :  it  dissolves  in  concentrated  sulphuric  add,  and  gives,  by 
dilution  with  water  and  long  boiling,  cyanuric  add.  The  same  sob- 
stance  is  produced  with  disengagement  of  immonia  when  melam  is 
fused  with  hydrate  of  potassa.  When  str  ugly  heated,  melam  is  re- 
solved into  mellon  and  ammonia. 

If  melam  be  boiled  for  a  long  time  in  a  moderatdy-strong  solution 
of  caustic  potassa,  until  the  whole  has  dissolved,  and  the  liquid  be 
then  concentrated,  a  crystalline  substance  separates  on  cooling,  which  is 
called  fnelamme.    By  recrystallization  it  is  obtained  in  colourleas  crjs- 
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tain,  baTinff  the  figare  of  an  octahedron  with  rhombic  base :  it  i<  bat 
slightly  soluble  in  cold  water,  fusible  by  heat.  Melamme  is  also 
formed  on  heating  cyanamide  to  302°  (150°C),  and  even  od  erapo- 
rating  an  aqueous  solution  of  that  substance.  It  contains  C^H^N,, 
and  acts  as  a  base,  combining  with  adds  to  crystallizable  compounds. 
A  second  basic  substance  called  ammeUnef  very  similar  in  properties 
to  melamine,  is  found  in  the  alkaline  mother-liquor  from  which  the 
mehunine  has  separated  :  it  is  thrown  down  on  neutralizing  the  liquid 
witb  acetic  add.  The  predpitate,  dissolved  in  dilute  nitric  add,  yields 
crystals  of  nitrate  of  ammeline,  from  which  the  pure  ammeline  may  be 
separated  by  ammonia.  It  forms  a  brilliant  white  powder  of  minute 
needles,  insoluble  in  water  and  alcohol,  and  contains  Cfi^Ufi^ 
When  ammdine  is  dissolYed  in  omcentrated  sulphuric  add,  and  the 
solution  mixed  with  a  huge  quantity  of  water,  or,  better,  spirit  of 
wine,  a  white,  insoluble  powder  fidls,  which  is  designated  ammeUde, 
and  is  found  to  contain  C|,H,NgOf. 

By  the  action  of  adds  ,or  alkalis,  melamine  may  be  converted  into 
ammeline,  ammelide,  and,  lastly,  into  cyanuric  add,  water  being  assi- 
milated and  ammonia  eTolved. 

C,H.N,  H-  2H0     =         CAN5O,       -i-       NH3. 

Melamine.  Ammeline. 

2(C,H,NA)  +  2H0     =       fi,H,N,0,        +       NH,. 

AmmeUne.  Ammelide. 

CjANjO,  +  6H0     =       2(CeH,N,0,)  +     3NH,. 

Ammelide.  Cyanuric  add. 

Mellon  and  its  oompounds. — ^The  formation  of  this  compound 
as  a  residuary  product  of  the  action  of  heat  upon  the  so-called  sulpho- 
cyanogen,  and  upon  melam,  has  been  mentioned.  This  substance, 
which,  it  would  appear,  has  never  been  obtained  in  a  state  of  purity, 
possesses  the  properties  of  an  organic  radical.  At  a  high  temperature 
it  combines  directly  with  potassium,  produdng  a  well-defined  saline 
compound,  meUonide  of  pataaswm,  and  the  same  salt  is  produced  in 
the  action  of  mdlon  upon  bromide  and  iodide  of  potassium,  when  bro> 
mine  and  iodine  are  Uberated.  A  better  process  of  produdng  meUo- 
nide of  potassium  consists  in  fusing  crude  mellon  with  sulphocyanide 
of  potassium.  In  this  reaction  we  may  assume  that,  in  the  first  place, 
mellon  expels  the  sulphocyanogen,  which  in  its  turn  yields  a  fresh 
quantity  of  mellon  at  the  temperature  at  which  the  i*eaction  takes 
place :  mdlonJde  of  potassium  may  therefore  be  produced  likewise  by 
fusing  the  ferrocyanide  of  potassium  with  half  its  weight  of  sulphur. 
The  frised  mass  obtained  by  either  process  is  dissolved  in  boiling  water, 
from  which  the  mdlonide  of  potassium  crystaliixes  on  cooling,  and  is 
purified  by  repeated  crystallizations.    MeUonide  of  potassium  contains 
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K,C„N,r  Acetie  acid  amTerts  tlik  nit  into  a  neir  sift  sliD  aoimlla^ 
hftTJng  the  oomfMsitum  K^H.C^N,^  Hydrochloric  add  prwfanaa  la 
insoluble  oompoood,  KH/^j^K,,.  TImk  three  salts,  it  wffl  be 
•tand'to  each  other  in  the  «iiie  rdatioD  as  the  sercfai  saita  of 
phorie  and  cyaonric  acids,  llellonide  of  potaBsiam  |Mnodi 
solnble  ailTer-ashi  a  white  precipitate,  Ag,Q„N|, ;  with'  ' 
mercnrj-ealti^  precipitates  omtaining  respBctirelj  Pb^,K|,,  aad 
Hg,C„N„.  The  latter  disw»lTed  in  hydrocjaaic  add,  and  treated  wslh 
solphoretfeed  hydrogen,  famishes  the  hydrooieUonic  add,  H,C^K|,  It 
is  only  known  in  solution,  which  has  an  add  taste ;  on  avapniatioa  it 
is  deoompoied* 
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These  bodies  are  closely  coonected  with  the  cyanogen  componDdi^  and 
may  be  most  conTeDiently  discussed  in  the  present  place. 

Urea. — Urea  may  be  extracted  from  its  natural  source,  the  oriDP, 
or  it  may  be  prepared  by  artificial  means.     Fresh  urine  is  oonoentratad 
in  a  water-bath,  nntll  reduced  to  an  eighth  or  a  tenth  of  its  original 
▼oinme,  and  filtered  throu|^  doth  from  the  insoluble  depoait  of  urates 
and  phosphates.    The  liquid  is  mixed  with  about  an  equal  quantity  of 
a  strong  solution  of  oxalic  add  in  hot  water,  and  the  whole  rigorously 
agitated  and  left  to  cool.     A  Tery  copious  fawn-ooloored  crjstalline 
predpitate  of  oxalate  of  urea  is  obtained,  which  may  be  placed  upon  a 
cloth  filter,  slightly  washed  with  cold  water,  and  pressed.     This  is  to 
be  dissolTed  in  boiling-hot  water,  and  powdered  chalk  added  until  eShr^ 
vesoence  cea&es,  and  Sie  liquid  becomes  neutral.     The  solution  of  uiea 
is  filtered  from  the  insoluble  oxalate  of  lime,  waimed  with  a  little 
animal  charcoal,   again   filtered,   and    concentrated  by  erapcaatioo, 
avoiding  ebullition,  until  crystals  form  on  cooling:  these  are  purified 
by  a  repetition  of  the  last  part  of  the  process.     Urea  can  be  extracted 
in  great  abundance  from  the  urine  of  horses  and  cattle  duly  ooocen- 
trated,  and  from  which  the  hippuric  add  has  been  separated  by  the 
addition  of  hydrochloric  add ;  oxalic  acid  tlien  throws  down  the  oxa- 
late in  such  quantity  as  to  render  the  whole  semi-solid.     Another 
process  consists  in  precipitating  the  evaporated  urine  with  concentrated 
nitric  add,  when  nitrate  of  urea  is  precipitated,  which  is  purified  by 
recrystallization  with  animal  charcoal,  and  lastly  decomposed  by  carbo- 
nate of  baryta.     A  mixture  of  nitrate  of  baiyta  and  urea  is  former* 
which  is  evaporated  to  dryness  on  the  watei'-bath,  and  exhausted  with 
hot  alcohol,  from  which  the  urea  crystallizes  on  cooling. 

By  artificial  means  urea  is  pioduced  by  heating  solution  of  cyanate 
of  ammonia.  The  following  method  of  proceeding  yields  it  in  any 
quantity  that  can  be  desired.  Cyanate  of  potassa,  prepared  by  Liebig*s 
process,*  is  dissolved  in  a  small  quantity  of  water,  and  a  quantity  of 

*  See  page  589. 
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dry  neatnl  sulphate  of  ammonia,  equal  in  weight  to  the  cyanate, 
added.  The  whole  is  evaporated  to  dryness  in  a  wateivbath,  and  the 
dry  residue  boiled  with  strong  alcohol,  which  dissolves  out  the  urea, 
leaving  the  sulphate  of  potassa  and  the  excess  of  sulphate  of  ammonia 
antouched.  The  filtered  solution,  ooncentrated  by  distilling  off  a  por- 
tion of  the  spirit,  deposits  the  urea  in  beautifiil  crystals  of  consider- 
able magnitude. 

Urea  forms  transpai'ent,  oolourlees,  four-sided  prisms,  which  are 
soluble  in  an  equal  weight  of  cold  water,  and  in  a  much  smaller 
quantity  at  a  high  temperature.  It  is  also  readily  dissolved  by  alco- 
hol. It  is  inodorous,  has  a  oooliug  saline  taste,  and  is  permanent  in 
the  air,  unless  the  latter  be  very  damp.  When  heated  it  melts,  and 
at  a  hij^er  temperature  decomposes  with  evolution  of  ammonia  and 
cjanate  of  ammonia;  cyanuric  add  remains,  which  bears  a  much 
greater  heat  without  chaoge.  The  solution  of  urea  is  neutral  to  test- 
paper  :  it  is  not  decomposed  in  the  cold  by  alkalis  or  by  hydrate  of 
linoe,  but  at  a  boiling  heat  emits  ammonia,  and  forms  a  carb<Hiate  o^ 
the  base.  The  same  change  happens  by  fusion  with  the  alkaline  hj- 
drates.  Brought  into  contact  with  nitrous  acid,  it  is  decomposed 
instantly  into  a  mixture  of  nitrogen  and  carbonic  acid  gases :  this  de- 
composition explains  the  use  of  urea  in  preparing  nitric  ether  (see 
{M^  458).  With  chlorine  it  yields  hydrochloric  acid,  nitrogen,  and 
carbonic  acid.  Crystallized  urea  is  anhydrous :  it  contains  C^^Sfi^ 
or  the  elements  of  cyanate  of  oxide  of  ammonium.  It  diilers  from 
carbonate  of  ammonia  by  the  elements  of  water ;  hence  it  might 
with  some  propriety  be  called  caH)canide.  It  is  easily  converted  into 
carbonate  of  ammonia  by  assimilating  the  oxygen  and  hydn^en  of 
2  eq.  of  water.  A  solution  of  pure  urea  shows  no  tendency  to  change 
by  keeping,  and  is  not  decomposed  by  boiling  :  in  the  urine,  on  the 
other  hand,  where  it  is  associated  with  putrenable  organic  matter,  as 
mucus,  the  case  is  different.  In  putrid  urine  no  urea  can  be  found, 
but  enough  carbonate  of  ammonia  to  cause  brisk  effervescence  with  an 
add ;  and  if  urine,  in  a  recent  state,  be  long  boiled,  it  gives  off  am- 
monia and  carbonic  acid  from  the  same  source. 

Urea  acts  as  a  salt-base:  with  nitric  acid  it  forms  a  sparingly- 
soluble  oompound,'which  crystallises,  when  pure,  in  small,  indistinct, 
colourless  plates,  containing  single  equivalents  of  urea,  nitric  acid,  and 
water.  VHien  colourless  nitric  acid  is  added  to  urine,  concentrated  to 
a  fourth  or  a  sixth  of  its  volume,  and  cold,  the  nitrate  crystallizes  out 
in  large,  brilliant,  yellow  lammie,  which  are  very  insoluble  in  the  acid 
liquid.  The  production  of  this  nitrate  is  highly  chaa-acteristic  of  urea. 
The  oxalate,  when  pure,  crystallizes  in  large,  transparent,  oolourlesii 
plates,  whidi  have  an  add  reaction,  and  are  sparingly  soluble:  it  con- 
tains an  equivalent  of  water.  Urea  forms  several  compounds  witli 
metallic  salts,  e.  ^.,  with  those  of  mercury.  On  mixing  a  liquid  con- 
taining urea  with  a  solution  of  nitrate  of  protoxide  of  mercury,  a 
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white  precipitate  takes  place,  which  is  a  compoand  of  area  with  4  e^ 
of  piv>toxide  of  mercury.  If  the  nitric  acid,  which  is  thus  set  fnt^  be 
neutralized  by  the  addition  of  an  alkali  or  baryta-water,  the  wbole  of 
the  urea  is  removed  from  the  liquid  in  the  form  of  the  above  oodh 
pounds.  Prof.  Liebig,  to  whom  we  are  indebted  for  this  obsemtiaa. 
has  based  upon  this  deportment  a  process  of  determining  the  amoont  «i 
urea  in  urine.  The  details  of  this  method,  which  is  eqoalij  ia- 
teresting  to  the  chemist  and  physiologist,  hare  been  publiahed.* 

A  series  of  substances  analogous  to  urea  which  are  known  under 
the  name  of  methylamine-urea,  ethylamine-urea,  biethylamine-uitBa,  Jbc 
will  be  noticed  in  the  section  on  the  organic  bases. 

Uric,  or  uthic  acid. — ^This  is  a  product  of  the  animal  organisE^ 
and  has  ne?er  been  formed  by  artificial  means.  It  may  be  prepared 
from  human  urine  by  concentration,  and  addition  of  hydrochloric  acid: 
it  crystallizes  out  after  some  time  in  the  form  of  small,  reddish,  tnas- 
lucent  grains,  very  difficult  to  purify.  A  much  preferable  metliod  is 
to  employ  the  solid  white  excrement  of  serpents,  which  can  1»  easily 
procured :  this  consists  almost  entirely  of  uric  add  and  urate  of  am- 
monia. It  is  reduced  to  powder,  and  boiled  in  dilute  solution  of  caustic 
potassa :  the  liquid,  filtered  from  the  insignificant  residue  of  fecoleat 
matter  and  earthy  phosphates,  is  mixed  with  excess  of  hydrochloric 
acid,  boiled  for  a  fisw  minutes,  and  left  to  cool.  The  product  is  col- 
lected on  a  filter,  washed  until  free  from  chloride  of  potaasiom,  and 
dried  by  gentle  heat. 

Uric  acid,  thus  obtained,  forms  a  glistening,  snow-white  powder, 
tasteless,  inodorous,  and  very  sparingly  soluble.  It  is  seen  under  the 
microscope  to  consist  of  minute,  but  regular  crystals.  It  diasolTes  ia 
concentrated  sulphuric  add  without  apparent  deoomposition,  and  k 
precipitated  by  dilution  with  water.  By  destructive  distillation,  uric 
acid  yields  cyanic,  hydrocyanic,  and  carbonic  acids,  carbonate  of  am- 
monia, and  a  black  coaly  residue,  rich  in  nitrogen.  By  fusion  with 
hydrate  of  potassa,  it  furnishes  carbonate  and  cyanate  of  the  base,  aad 
cyanide  of  the  alkaline  metal.  When  treated  with  nitric  add  and 
with  binoxide  of  lead,  it  undergoes  decompositimi  in  a  manner  to  be 
presently  described. 

Uric  acid  is  found  by  analysis  to  contain  Cifi^^fi^,2BO.  It  is  a 
bibasic  add. 

The  only  salts  of  uric  add  that  have  attracted  any  attention  are 
those  of  the  alkalis:  acid  urate  of  potassa  contains  KO,HO, 
C10H2N4O4:  it  is  deposited  from  a  hot,  saturated  solution  of  uric 
add  in  the  dilute  alkali  as  a  white,  sparingly-soluble  concrete  mass, 
composed  of  minute  needles :  it  requires  about  500  parts  of  oold  wster 
for  solution,  is  rather  more  soluble  at  a  high  temperature,  and  much 
more  soluble  in  excess  of  alkali.  Urate  of  soda  resembles  the  alt  of 
potassa :  it  forms  the  chief  constituent  of  the  gouty  concretions  in  the 
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joints  called  chalk'Stones.  Urate  of  ammonia  is  also  a  sparingly- 
soluble  compound,  requiring  for  the  pui-pose  about  1000  parts  of  cold 
water :  the  solubilif  y  is  very  much  increased  by  the  presence  of  a  small 
quantity  of  certain  salts,  as  chloride  of  sodium.  The  most  common 
of  the  urinary  deposits,  forming  a  buff-coloured  or  pinkish  cloud  or 
muddiness,  which  disappears  by  re-solution  when  the  urine  is  warmed, 
ooDsists  of  a  mixture  of  different  urates. 

.  The  following  substances  result  from  the  oxidation  of  uric  acid  by 
binozide  of  lead  and  nitric  acid :  they  are  some  of  the  most  beautiful 
and  interesting  bodies  known,  moat  of  which  have  been  discovered  by 
Liebig  and  Wohler. 

AiiLARTOiN. — Allantoin  occurs  ready  formed  in  the  allantoic  liquid 
of  the  foetal  calf.  It  is  produced  artificially  by  boiling  together  water, 
uric  acid,  and  pure,  freshly-prepared  binoxide  of  lead :  the  filtered 
liquid,  duly  concentrated  by  evaporation,  deposits  crystals  of  allantoin 
on  oooliug,  which  are  purified  by  re-solution  and  the  use  of  animal 
charcoaL  It  forma  small  but  most  brilliant  prismatic  crystals,  which 
are  transparent  and  colourless,  destitute  of  taste,  and  without  action 
on  Tcgetable  colours.  Allantoin  dissolves  in  160  parts  of  cold  water, 
and  in  a  smaller  quantity  at  the  boiling  temperature.  It  is  decom- 
posed by  boiling  with  nitric  acid,  and  by  oil  of  vitriol  when  concen- 
trated and  hot,  being  in  this  case  resolved  into  ammonia,  carbonic 
add,  and  carbonic  oxide.  Heated  with  concentrated  solution  of  caustic 
alkalis,  it  is  decomposed  into  ammonia  and  oxalic  acid,  which  lattei* 
combines  with  the  base.  These  reactions  are  explained  by  the  analysis 
of  the  substance,  which  shows  it  to  be  composed  of  the  elements  of  two 
equivalents  of  oxalate  of  ammonia  mmus  those  of  five  equivalents  of 
water,  or  C4H,N20,. 

The  production  of  allantoin  from  uric  acid  and  binozide  of  lead  is 
also  perfectly  intelligible :  1  eq.  of  uric  add,  2  eq.  of  oxygen  from  the 
binozide,  and  5  eq.  of  water,  contain  the  elements  of  allantoin,  1  eq.  of 
oxalic  add,  and  1  eq.  of  urea. 

CioH4N,Oe+20  I  _  f  C,H,N,03+2HO,C,0, 
-f.5H0  /  -  I  4-CVI4NA. 

The  insoluble  matter  from  which  the  solution  of  allantoin  is  filtered 
consists  in  great  part  of  oxalate  of  lead ;  and  the  mother-liquor,  from 
which  the  crystals  of  allantoin  have  separated,  yields,  on  fiirther 
evaporation,  a  large  quantity  of  pure  urea. 

Alloxan. — ^This  is  the  characteristic  product  of  the  action  of  con- 
centrated nitric  acid  on  uric  acid  in  the  cold.  An  acid  is  prepared  of 
sp.  gr.  1  *45,  or  thereabouts,  and  placed  in  a  shallow  open  basin :  into 
this  a  third  of  its  weight  of  dry  uric  acid  is  thrown,  by  small  portions, 
with  constant  agitation,  care  being  taken  that  the  temperatura  never 
rises  to  any  considerable  extent.  The  uric  add  at  first  dissolves  with 
copious  effervescence  of  carbonic  acid  and  nitrogen,  and  eventually 
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the  whole  becomes  a  mass  of  white,  crystalline,  pasty  matter.  TUi  is 
left  to  stand  some  hours,  drained  from  the  add  liqnid  in  a  fmsaA 
whose  neck  is  stopped  with  powder  and  fragmenta  of  gfans,  and  after- 
wards  more  effectually  dried  upon  a  porous  tife.  This  ia  alkaam  m  a 
crude  state :  it  is  purified  by  solution  in  a  small  qvaotity  of  water,  aai 
crystallization. 

Alloxan  crystallizes  with  facility  from  a  hot  and  coDoentnited  sola- 
tion,  slowly  suffered  to  cool,  in  solid,  hard,  anhydrous  cryataJs  of  grest 
regularity,  which  are  transparent,  nearly  colourless,  have  a  high  degvfs 
of  lustre,  and  the  figure  of  a  modified  rhombic  octahedron.  A  ooid 
solution,  on  the  other  hand,  left  to  evaporate  spontaneonsly.  depoaat 
large  foliated  cry^tals,  which  contain  6  eq.  of  water:  they  effionsre 
rapidly  in  the  air.  Alloxan  is  very  soluble  in  water :  the  aolntioB  has 
an  acid  reaction,  a  disagreeably-astringent  taste,  and  staina  the  skie, 
after  a  time,  red  or  purple.  It  is  decomposed  by  alkalis,  and  both  H 
oxidizing  and  deodizing  agents:  its  most  characteriatic  property  k 
that  of  forming  a  deep-blue  compound  with  a  salt  of  {npotoxide  of  ina 
and  an  alkali. 

Alloxan  contains  CgHfN^Oio;  its  production  is  thus  llluatrated: 
1  eq.  of  uric  acid,  2  eq.  of  water,  and  2  eq.  of  nitric  acid  oontain  tkt 
elements  of  alloxan,  2  eq.  of  carbonic  acid,  2  eq.  of  free  nxtrogoi,  and 
1  eq.  of  nitrate  of  ammonia. 

^'ShoJoT  }  =^8HAO,o+200,-hN,+NH,0^0^ 

When  to  a  solution  of  alloxan,  heated  to  140°  (60°C),  baryta-vattf 
is  added,  as  long  as  the  precipitate  first  produced  redissolves,  aad  the 
filtered  solution  is  then  left  to  cool,  a  substance  is  deposited  in  small, 
colourless,  pearly  crystals,  which  consists  of  barjrta  in  combinaticKi 
with  a  new  acid,  the  alloxanic.  From  this  salt  the  base  may  be  sepa* 
rated  by  the  cautious  addition  of  dilute  sulphuric  add:  the  fUtend 
liquid  by  gentle  evaporation  yields  alloxanic  acid  in  small  radiated 
n^dles.  It  has  an  acid  taste  and  reaction,  decomposes  caibonates,  aad 
dissolves  zinc  with  disengagement  of  hydrogen.  It  is  a  bibasic  acid, 
and  contains  in  the  hyd rated  state  CgH,N20g,2H0 :  hence  it  is  iso- 
meric with  alloxan.  The  alloxanates  of  the  aikalis  are  freely  aoluble: 
those  of  the  earths  dissolve  in  a  large  quantity  of  tepid  water,  and  tliat 
of  silver  is  quite  insoluble  and  anhydrous. 

If  a  warm  saturated  solution  of  alloxanate  of  baryta  be  heated  to 
ebullition,  a  precipitate  falls,  which  is  a  mixture  of  carbonate  and 
alloxanate  of  baryta,  with  an  insoluble  salt  of  a  second  new  acid,  the 
meaoxalic:  the  solution  is  found  to  contain  unaltered  aUozanate  of 
baryta  and  urea.  Mesoxalic  acid  is  best  prepared  by  slowly  adding 
solution  of  alloxan  to  a  boiling-hot  solution  of  acetate  of  lead:  the 
heavy  granular  precipitate  of  mesoxalate  of  lead  thus  produced  is 
washed  and  decomposed  by  sulphuretted  hydrogen :  urea  is  also  formed 
in  this  experiment.    Hydrate  of  mesoxalic  acid  is  crystallizable :  it 
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ha«  8  Bour  taste  and  powerfolly-acid  reaction,  and  resists  a  boiling 
heat:  it  forms  sparingly-soluble  salts  with  baryta  and  lime,  and  a 
yellowish  insoluble  compound  with  oxide  of  silver,  which  is  reduced 
with  effenrescence  when  gently  heated.  This  remarkable  acid  contains 
9»  hydrate  C,0,,2H0,  and  is  consequently  bibasic:  it  is  foimed  by  the 
re-solution  of  alloxan  into  urea,  and  1  eq.  of  mesoxalic  acid : — 

CaH^N,Oi,+  2H0  =  CjH,N,0,+ 2H0,C,0,. 

When  ammonia  in  excess  is  added  to  a  solution  of  alloxan,  the 
whole  heated  to  ebullition,  and  afterwards  supersaturated  with  dilute 
sulphuric  acid,  a  yellow,  light  precipitate  falls,  which  increases  in 
quantity  as  the  liquid  cools.  This  is  mykomelinic  acid:  it  is  but  feebly 
soluble  in  water,  easily  dissolved  by  alkalis,  and  forms  a  yellow  com« 
pound  with  oxide  of  silver.  Mykomelinic  add  contains  Cfi^'Sfl^ :  it 
is  produced  by  the  conversion  of  alloxan  and  2  eq.  of  ammonia  into  1  eq. 
of  mykomelinic  add  and  5  eq.  of  water. 

Parabanic  acid. — ^This  is  the  characteristic  product  of  the  action 
of  moderately-etrong  nitric  add  on  uric  add  or  alloxan,  by  the  aid  cf 
heaJt:  it  is  oonreniently  prepared  by  heating  together  1  part  of  uric 
acid  and  8  parts  of  nitric  acid  until  the  reaction  has  nearly  ceased : 
the  liquid  is  evaporated  to  a  syrupy  state,  and  left  to  cool :  the  add 
is  drained  from  the  mother-liquor,  and  purified  by  recrystallization. 
Parabanic  add  forms  beautiful  colourless,  transparent,  thin,  prismatic 
crystals,  which  are  permanent  in  the  air :  it  is  easily  soluble  in  water, 
has  a  pure  and  powerfully  add  taste,  and  reddens  litmus  strongly. 
Neuti:aiized  with  ammonia,  and  mixed  with  nitrate  of  silver,  it  gives  a 
white  predpitate.  Crystallized  parabanic  acid  contains  C,N204,2HO ; 
its  production  is  thus  explained  :  1  eq.  of  uric  acid,  4  eq.  of  water,  and 
4  eq.  of  oxygen  from  the  nitric  acid,  yield  1  eq.  of  parabanic  add,  4  eq. 
<^  carbonic  acid,  and  2  eq.  of  ammonia;  or,  alloxan  and  2  additional 
equivalents  of  oxygen  furnish  1  eq.  of  parabanio  add,  2  eq.  of  carbonic 
add,  and  2  eq.  of  water. 

The  alkaline  parabanates  undergo  a  singular  change  by  exposure  to 
heat:  if  a  solution  of  the  add  be  saturated  with  ammonia,  boiled  for 
a  moment,  and  then  left  to  cool,  a  substance  separates  in  tufts  of 
beautiful  colourless  needles :  this  is  the  ammonia-salt  of  an  add  called 
the  oxaluinc.  The  hydrated  acid  is  procured  by  adding  an  excess  of 
dilute  sulphuric  add  to  a  hot  and  strong  Mlution  of  oxaJurate  of  am- 
monia, axid  cooling  the  whole  rapidly.  It  forms  a  white,  crystalline 
powder,  of  add  taste  and  reaction,  capable  of  combining  with  bases : 
the  salts  of  haryia  and  Ume  are  sparingly  soluble ;  that  of  siliwr  crys- 
tallizes from  the  mixed  hot  solution  of  nitrate  of  silver  and  oxalurate 
of  ammonia  in  long,  silky  needles.  Oxaluric  add  is  composed  of  C^, 
NgO^^O :  or  the  elements  of  1  eq.  of  parabanic  acid,  and  2  eq.  of 
water.  A  solution  of  oxaluric  add  is  resolved  by  ebullition  into  free 
oxalic  add  and  oxalate  of  urea. 

THiOiinRic  ACID. — A  cold  solution  of  alloxan  is  mixed  with  u 

2  u 


610  tJBIO  AOID 

satarated  aolniion  of  salphurous  add  in  water,  in  audi  qnantitj  tkat 
the  odour  of  the  gas  remains  quite  distinct :  an  excess  of  carbocate  of 
ammonia  mixed  with  a  little  caustic  ammonia  is  then  added,  and  tbe 
whole  boiled  for  a  few  minntea.    On  cooling,  tfUowurctte  cf  ammomia  h 
deposited  in  great  abundance,  forming  beautiful  colourieas,  crjntalliae 
plates,  which  by  solution  in  water  and  recrystallizatitHi  aoqoire  a  fine 
pink  tint.     A  solution  of  this  salt  gives  with  acetate  of  lead  a  pracspi- 
tate  of  insoluble  thion urate  of  the  oxide  of  that  metal,  which  is  at  first 
white  and  gelatinous,  but  shortly  becomes  dense  and  cxyatallxne:  firaa 
this  compound  the  hydrated  acid  may  be  obtained  by  the  aid  of  sb)- 
phuretted  hydrogen.    It  forms  a  white,  crystalline  mass,  pennaneDt 
in  the  air,  very  soluble  in  water,  of  acid  taste  and  reaction,  and  capable 
of  combining  directly  with  bases.      When  its  solntion  is  heated   to 
the  boiling-point  it  undergoes  decomposition,  yielding  sulphuric  add 
and  a  very  peculiar   and  nearly  insoluble  substance,  called  wromZs. 
Thionuric  acid  is  bibasic:   tlie  hydrate  contains  Cfi^'S^Oi^fiBOi 
or  the  elem^ts  of  alloxan,  an  equivalent  of  ammonia,  and  2  eq.  of  sol- 
phurous  add. 

Ubamile. — ^The  product  of  the  deoompodtion  by  heat  of  hydraled 
thionuric  add.  Thionurate  of  ammonia  is  dissolved  in  hot  water, 
mixed  with  a  small  excess  of  hydrochloric  acid,  and  the  whole  boiM 
in  a  flask :  a  white,  crystalline  substance  begins  in  a  few  mometits  to 
separate,  which  increases  in  quantity  until  Uie  contents  of  the  Tessel 
often  becomes  semi-solid :  this  is  tiromt'/e.  After  cooling,  it  is  collected 
on  a  filter,  washed  with  cold  water  to  remove  tlie  sulphuric  add,  aad 
dried  by  gentle  heat,  during  which  it  frequently  becomes  pinka^. 
Examined  by  a  lens,  it  is  seen  to  oondst  of  minute  adcular  crystals.  It 
is  tastelete  and  nearly  insoluble  in  water,  but  dissolves  in  ammonia  and 
the  fixed  alkalis.  The  ammoniaeal  solution  becomes  purple  in  the  air. 
It  is  decomposed  by  strong  nitric  add,  alloxan  and  nitrate  of  ammonia 
being  generated.  Uramile  contains  CgH^NgO, ;  or  thionuric  acid  mmm 
the  elements  of  2  eq.  of  sulphuric  acid. 

Uramilig  acid. — When  a  cold  saturated  solntion  of  thionurate  of 
ammonia  is  mixed  with  dilute  sulphuric  add,  and  evaporated  la  a      | 
water-bath,  instead  of  uramile,  another  substance,  ttrcamlic  aeidf  is     t 
formed  and  deposited  in  slender,  colourless  prisms,  soluble  in  8  parts     I 
of  cold  water.     Uramilic  acid  dissolves  in  concentrated  sulphuric  add     ^ 
without  apparent  decomposition :  it  has  a  feebly-add  taste  and  reaction, 
and  combines  with  bases.    The  salts  of  the  alkalis  are  easily  soluble ; 
those  of  the  earths  much  less  so :  and  that  of  the  oxide  of  aIvct  is  in- 
soluble.    Uramilic  add  contains  OieHi^NgOi^ ;  2  eq.  of  uramile  and 
3  eq.  of  water  contain  the  elements  of  uramilic  add  and  1  eq.  of 
ammonia.     It  is  a  substance  difficult  of  preparation. 

ALLOXAKTIN.—This  is  the  chief  product  of  the  action  of  hot  dUuU 
nitric  acid  upon  uric  add :  the  surest  and  best  method  of  preparing 
it,  however,  is  by  passing  a  stream  of  sulphuretted  hydrogen  gss 
through  a  moderately-strong  and  cold  solution  of  alloxan.    The  impure 


AND  ITS  PBOBUCTB.  611 

mother-Hquor  from  which  the  crystals  of  alloxan  have  separated 
answers  the  purpose  perfectlj  well:  it  is  dilated  with  a  little  watei*, 
and  a  copious  stream  of  gas  transmitted  through  it.  Sulphur  is 
deposited  in  large  quantity,  mixed  with  a  white,  crjstalline  substance, 
which  is  the  alloxantin.  The  product  is  drained  upon  a  filter,  slightly 
washed,  and  then  boiled  in  water :  the  filtered  solution  deposits  the 
alloxantin  on  cooling.  Alloxantin  forms  smaU,  four-sided,  oblique 
rhombic  prisms,  oolourless  and  transparent :  it  is  soluble  with  difficulty 
in  cold  water,  but  more  freely  at  a  boiling  temperature.  The  solution 
reddens  litmus,  gives  with  baryta-water  a  Tiolet-ooloured  precipitate, 
which  disappears  on  heating,  and  when  mixed  with  nitrate  of  silver 
produces  a  black  precipitate  of  metallic  silver.  Heated  with  chlorine 
or  nitric  acid,  it  is  changed  by  oxidation  to  alloxan.  The  crystals 
become  red  when  exposed  to  ammoniacal  vapours.  Alloxantin  con- 
tains O^fN,O|0 ;  or  alloxan  phts  1  eq.  of  hydrogen. 

This  substance  is  readily  decomposed :  when  a  stream  of  sulphu- 
retted hydrog^  is  passed  through  a  boiling  solution,  sulphur  is 
deposited  and  an  add  liquid  produced,  supposed  to  contain  a  new  aoid, 
to  which  the  tenn  cUahtric  is  applied.  When  neutralized  by  ammonia 
it  yields  a  salt  which  crystaUixes  in  colourless,  silky  needles,  con- 
taining NH40»C,N,04+3HO.  They  become  deep-red  when  heated 
to  212°  {lOCPC)  in  the  air.  A  hot  saturated  solution  of  alloxantin 
mixed  with  a  neutral  salt  of  ammonia  instantly  assomes  a  purple 
colour,  which  however  quicUy  vanishes,  and  the  liquid  becomes  turbid 
from  the  formation  of  uramile:  the  liquid  is  then  found  to  contain 
alloxan  and  free  acid.  With  oxide  of  silver  alloxantin  diseogages  car* 
bonio  acid,  reduces  a  portion  of  the  metal,  and  converts  the  remainder 
of  the  oxide  into  oxalurate.  Boiled  with  water  and  binoxide  of  lead, 
alloxantin  gives  urea  and  carbonate  of  lead. 

MUBEZIDE;  PUBPUBATB  OF  AMMONIA  OF  DB.  PrOUT. — There 
are  several  different  methods  of  preparing  this  magnificent  compound. 
It  may  be  made  directly  from  uric  acid,  by  dissolving  that  substance 
in  dilute  nitric  add,  evaporating  to  a  certain  point,  and  then  adding 
to  the  warm,  but  not  boiling  liquid,  a  very  slight  excess  of  ammonia. 
In  this  experiment  alloxantin  is  first  produced,  which  becomes  after- 
wards partially  converted  into  alloxan :  the  presence  of  both  is  re- 
quisite for  the  production  of  murezide.  This  process  is,  however,  very 
precarious,  and  often  fiuls  altogether.  An  excellent  method  is  to  boil 
lor  a  few  minutes  in  a  flask  a  mixture  of  one  part  of  dry  uramile,  1  part 
of  red  oxide  of  mercury,  and  40  parts  of  water,  to  which  two  or  three 
drops  of  ammonia  have  been  added:  the  whole  assumes  in  a  short 
space  of  time  an  intensdy  deep  purple  tint,  and  when  filtered  boiling- 
hot,  deposits,  oa  cooling,  splendid  crystals  of  murexide,  unmixed  witii 
any  impurity.  A  third,  and  perhaps  even  still  better  process  is  that 
of  Dr.  Gregoiy :  7  parts  of  alloxan  and  4  parts  of  alloxantin  are  dis- 
solved in  240  parts  of  boiling  water,  and  the  solution  added  to  about 
80  parts  of  cold,  strong  solution  of  carbonate  of  ammonia :  the  liquid 
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untantlj  acquires  snch  a  depth  of  colour  as  to  become  opaqae^  and 
giTes  on  cooling  a  large  quantity  of  morexide:  the  operatioo  tuooeedi 
best  on  a  small  scale. 

Murezide*  crystallizes  in  small  sauare  prisms,  which  bj  roBectfed 
light  exhibit  a  splendid  green  metallic  lastre,  like  that  of  the  wia^ 
cases  of  the  rose  beetle  and  other  insects :  by  transmitted  light  tfa^ 
are  deep  purple-red.  It  is  soluble  with  difficulty  in  cold  water,  much 
more  easily  at  a  boiling  temperature,  and  is  insoluble  in  alcohol  and 
ether.  Mineral  acids  decompose  it  with  separation  of  murextm,  and 
caustic  potassa  dissolves  it,  with  production  of  a  meet  magnifioent 
purple  colour,  which  disappears  when  the  solution  is  boiled.  Murexide 
contains  CuE^fli^+2UO  =  ^Ufi,C^fi^liiflii+2UO:  its  productiaD 
may  be  thus  explained : — 2  eq.  of  uramile  and  2  eq.  oxygen  fiom  the 
protoxide  of  mercury  gives  rise  to  1  eq.  of  murexide,  and  2  eq.  of  water. 

2C,H4N30,+ 20 = (Va,N«Oi,+ 2H0. 

A  few  years  ago  murexide  was  extensively  used  in  dyeii^ ;  it  is  now 
rapidly  bdng  superseded  by  roeaniline,  the  crimson  derived  from  aniline. 

Mubexan;  pubpubic  acid  of  Dr.  Pbout.— Liebig  directs  this 
substance  to  be  prepared  by  dissolving  murexide  in  caustic  potassa, 
heating  the  liquid  until  the  colour  disappears,  and  then  adding  an 
excess  of  dilute  sulphuric  add.  It  separates  m  colourless  or  slightly* 
yellowish  scales,  nearly  insoluble  in  cold  water.  In  ammonia  it  dis- 
solves, and  the  solution  acquires  a  purple  colour  by  exposure  to  the 
air,  the  murexide  being  then  produced.  Murexan  is  said  to  contain 
CfiJSfi^,  It  is  very  probable  that  this  substance  is  identical  witii 
uramile. 

A  series  of  substances  closely  related  to  the  derivatives  of  uric  acid 
will  be  noticed  under  the  head  of  Oaffeine  (see  page  620). 

Connected  with  uric  acid  by  similarity  of  origin,  but  not  otherwise, 
is  a  curious  and  exceedingly  rare  substance  called  cystic  oxids. 

Cystic  oxide, — Cystic  oxide  occurs  as  an  urinary  calculus,  of  a  pale 
colour,  a  concentric  structure,  and  often  covered  by  a  waxy  extenal 
crust.  The  powdered  calculus  dissolves  in  great  part  without  efiiet^ 
vescence  in  dilute  acids  and  alkalis,  including  ammonia :  the  ammo- 
niacal  solution  deposits,  by  spontaneous  evaporation,  small  but  beau- 
tiful colourless  crystals,  which  have  tiie  form  of  six-aided  prisms 
and  tables.  It  forms  a  saline  compound  with  hydrochloric  add. 
Caustic  alkalis  disengage  ammonia  from  this  substance  by  con- 
tinued .ebullition.  Cystic  oxide  contains  sulphur :  it  is  composed  of 
C,H,NS,0,. 

Uric  acid  is  perfectly  well  characterized,  even  when  in  very  small 
quantity,  by  its  behaviour  with  nitric  add.     A  small  portion  heated 

•  So  called  flrom  the  Tyrian  dye.  said  to  have  been  prepand  from  a 
of  tMvrtatt  a  shell-flah. 
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with  a  drop  or  two  of  nitric  add  in  a  snail  porcelain  capsnle  dinolTes 
with  copioos  effenreBcence.  When  this  Bolation  is  cautionsly  evapo- 
rated nearly  to  drjmess,  and,  after  the  addition  of  a  little  water,  mixed 
with  a  slight  excess  of  ammonia,  a  deep-red  tint  of  marexide  is  im- 
mediately produced. 

Impure  nric  add,  in  a  remarkable  state  of  decomposition,  is  now 
imported  into  this  oonntry,  in  lai^  quantities,  for  nse  as  a  manure 
under  the  name  of  g%ianc  or  huano.  It  comes  from  the  barren  and 
Dninhabited  islets  of  the  western  coast  of  South  America,  and  is  the 
production  of  the  countless  birds  that  dwell  undisturbed  in  those 
regions.  The  people  of  Peru  have  used  it  for  ages.  Guano  usually 
appears  as  a  pale-brown  powder,  sometimes  with  whitish  specks :  it 
bias  an  extremely  ofTensiye  odour,  the  strength  of  which,  however, 
varies  very  much.  It  is  soluble  in  great  part  in  water,  and  the  solu- 
tion is  found  to  be  extremely  rich  in  oxalate  of  ammonia,  the  acid 
having  been  generated  by  a  process  of  oxidation.  Ouano  also  contains 
a  peculiar  substance  called  guanine,  which  will  be  described  further  on. 
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ORGANIC  BASES. 


The  organHo  haaea  (alkaloids)  constittite  a  remaiUde  and  most  in- 
teresting  group  of  bodies :  they  are  met  with  in  Taonons  plants,  aoDie 
of  them  also  in  the  animal  organism.  They  are,  for  the  most  pait, 
roaringly  solnble  in  water,  but  diasolTe  in  hot  alcohol,  from  wfaidi 
they  often  crystallize  in  a  very  beautiful  manner  on  oooliog.  Several 
of  them,  however,  are  oily,  yolatOe  liquids.  The  taste  of  the  T«geli>- 
alkalis,  when  in  solution,*  is  usually  intensely  bitter,  and  their  actioB 
upon  the  animal  economy  exceedingly  energetic.  They  all  ooatam  a 
oonsiderable  quantity  of  nitrogen,  and  are  very  complicated  in  ooosti- 
tution,  haying  high  combining  numbers.  This  class  of  bodies  is  Tetj 
numerous.  Th.t  limits  of  this  elementary  work  permit  us  to  stody  ooly 
the  more  important  members  of  this  group. 

None  of  the  oi^anic  bases  occurring  in  plants  have  yet  been  fotmad 
by  artificial  means:  analogous  substences  have,  however,  been  tbua 
produced. 

Morphine,  or  morphia. — This  is  the  chief  actiye  principle  of 
opium :  it  is  Uie  best  and  most  characteristic  type  of  the  gnmp,  and 
the  earliest  known,  dating  back  to  the  year  1804,  when  it  was  dia- 
covered  by  Sertumer. 

Opium,  the  inspissated  juice  of  the  poppy-capsule,  is  a  very  oon- 
plicated  substance,  containing  besides  moi-phine  a  nost  of  other  alkaloidb 
in  very  variable  quantities,  combined  with  sulphuric  add  and  an  or- 
ganic add  called  msoonio  add  (see  page  57S).  In  addition  to  fbese, 
there  are  eummy,  resinous,  and  colouring  matters,  caoutchouc,  Ac^ 
besides  mechanicfd  impurities,  as  chopped  leaves.-  Ilie  opium  of  Toxkej 
is  the  most  valuable,  and  contains  the  largest  quantity  of  morphine  : 
the  opiums  of  Egypt  and  of  India  are  considerably  inferior.  It  haa 
been  produced  in  England  of  the  finest  quality,  but  at  great  cost. 

If  ammonia  be  added  to  a  dear,  aqueous  inf\]sion  S  opium,  a  Teiy 
abundant  buff-coloured  or  brownish-white  predpitate  falls,  which  can« 
sists  prindpally  of  morphine  and  narcotine^  rendered  huoluble  by  the 
withdrawal  of  the  add.  The  product  Ib  too  impure,  however,  for  use. 
The  chief  difficulty  in  the  preparation  of  these  substances  is  to  get  rid 
of  the  colouring  matter,  which  adheres  with  great  obstinacy,  i«- 
dissolving  with  Uie  precipitates,  and  being  again  in  part  thrown  down 
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iR^hen  the  solutions  are  saturated  with  an  alkali.  The  following 
method,  which  succeeds  well  upon  a  small  scale,  will  serve  to  give  the 
student  some  idea  of  *  process  very  commonly  pursued  when  it  is  de- 
aired  to  isolate  at  once  an  insoluble  organic  base,  and  the  add  wil^ 
which  it  is  in  combination : — A  filtered  solution  of  opium  in  tepid 
"water  Is  mixed  with  acetate  of  lead  in  excess ;  the  precipitated  meoo- 
nate  of  lead  is  separated  by  a  filter,  and  through  the  solution  containing 
acetate  of  morphine,  now  freed  to  a  considerable  extent  from  coloor,  a 
stream  of  sulphuretted  hydrogen  is  passed.  The  filtered  and  nearly- 
colourless  liquid,  from  which  the  lead  has  been  thus  removed,  may  be 
warmed  to  expel  the  excess  of  gas,  once  more  filtered,  and  then  ndzed 
with  a  slight  excess  of  caustic  ammonia,  which  throws  down  the  mor- 
phine and  narcotine :  these  may  be  separated  by  boiling  ether,  in  which 
the  latter  is  soluble.  The  meconate  of  lend,  well  washed,  suspended  in 
water,  and  decomposed  by  sulphuretted  hydrogen,  yields  solution  of 
meoNiic  add. 

Morphine  and  its  salts  are  advantageously  prepared,  on  the  lai^e 
scale,  by  the  process  of  Dr.  Gregory.  A  strong  infusion  of  opium  is 
mixed  with  a  solution  of  chloride  of  calcium,  free  from  iron ;  meconate 
of  lime,  which  is  nearly  insoluble,  separates,  while  the  hydrochloric 
add  is  transferred  to  the  alkaloids.  By  duly  concentrating  the  filtered 
solution,  the  hydrochlorate  of  morphine  may  be  made  to  crystallise, 
while  the  narcotine,  and  other  bodies,  are  left  behind.  Repeated  re- 
crystallization,  and  the  use  of  animal  charcoal,  then  8u£Soe  to  whiten 
and  purify  the  salt,  from  which  the  base  may  be  precipitated  in  a  pure 
state  by  ammonia.  Other  processes  have  been  proposed,  as 'that  of 
M.  Thibonmery,  which  consists  in  adding  hydrate  of  lime  in  excess  to 
an  infusion  of  opium,  by  which  the  meoonic  acid  is  rendered  insoluble, 
while  the  morphine  is  taken  up  with  ease  by  the  alkaline  earth.  By 
exactly  neutralizing  the  filtered  solution  with  hydrochloric  aci^  the 
morphine  is  precipitated,  but  in  a  somewhat  coloured  state. 

Morphine,  when  crystallized  from  alcohol,  forms  small  but  very 
brilliant  prismatic  crystals,  which  are  transparent  and  colourless.  It 
requires  at  least  1000  parts  of  water  for  solution,  tastes  slightly  bitter, 
and  has  an  alkaline  reaction.  These  effects  are  much  more  evidoit  in 
the  alcoholic  solution.  It  dissolves  in  about  30  parts  of  boiling  alcohol, 
and  with  great  &cility  in  dilute  acids ;  it  is  also  dissolved  by  excess  of 
caustic  potassa  or  soda,  but  scarcely  by  excess  of  ammonia.  When 
heated  in  the  air,  morphine  melts,  inflames  like  a  resin,  and  leaves  a 
SDoall  quantity  of  charcoal,  which  easily  burns  away. 

Morphine  in  powder  strikes  a  deep-bluish  colour  wiUi  neutral  salts 
of  sesquioxide  of  iron,  decomposes  iodic  acid  with  liberation  of  iodine, 
and  forms  a  deep-ydlow  or  red  compound  with  nitric  add :  these  re- 
actions are  by  some  considered  characteristic. 

Crystallized  morphine  contains  C^Hi^NOg-l-^HO. 

The  most  characteristic  and  best-defined  salt  of  this  substance  is  the 
hydrochlorate.    It  crystallizes  in  slender,  colourless  needles,  arranged 
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in  taftB  or  steTlatod  gronps,  soluble  in  aboat  20  |jarts  of  cold 
and  in  its  own  weight  at  a  boiling  temperature.  The  crystals  eostaa 
6  eq.  of  water.  The  suiphat€,  nitrate,  and  phosphate  are  oyatalUsable 
nits :  the  acetate  ciTBtallizes  with  great  difficulty,  and  is  osoaily 
in  tlie  state  of  a  dry  powder.  The  artificial  meoonaie  is 
prepared  for  medicinal  use. 

NiJioonirE. — ^The  marc,  or  insoluhle  portion  of  opium, 
mudi  narootine,  which  may  he  extracted  by  boiling  with  dilnte 
aoid.  From  the  filtered  8oloti<m  the  naix»tine  is  precipitated  by 
mooia,  and  afterwards  purified  by  solution  in  boiliog  akx>hoi«  aod  fil* 
tration  th^pough  animal  charcoal.  Narootine  crystellixes  in  anan^ 
colourless,  brilliant  prisms,  which  are  nearly  insoluble  in  water.  The 
basic  powers  of  narcotine  are  very  feeble;  it  is  destitute  of  alkaliiM 
leustion,  and,  although  freely  soluble  in  adds,  refuses,  for  the  mart 
part,  to  form  with  them  crystallisable  compounds. 

According  to  Messrs.  Matthiessen  and  Foster,  narcotine  *'*?-*V'^* 

Narootine  yields  some  curious  products  by  the  action  of 
agents,  as  a  mixture  of  dilute  sulphuric  acid  and  binoxide  of 
ganese,  or  a  hot  solution  of  bichloride  of  platinum.  They  bare 
chiefly  studied  by  Wohler,  Blyth,  Anderson,  and  lately  also  by  M< 
Matthiessen  and  Foster.  The  most  important  of  these  is  cpumic  add^ 
a  substance  forming  colourless,  prismatic,  reticulated  crystals,  spaxingfy 
soluble  in  cold  water,  easily  in  hot.  It  melts  when  heated,  but  dioca 
not  sublime.  After  fusion  it  becomes  quite  insoluble  in  dilute  alkaUi, 
but  without  change  of  composition.  This  acid  forms  crystallisable  salts 
and  an  ether :  it  contains  QJ3Lfi^0.  The  ammonia-salt,  by  evapo- 
i-ation  to  dryness,  yields  a  nearly-white  insoluble  powder,  called 
upiammon,  containing  C^oHkNO,,,  convertible  by  strong  acids  into 
opianic  acid  and  ammonia.  Sulphurous  add  yields  with  opianic  acid 
two  products  containing  sulphur.  A  ba&ic  substance,  ootamime, 
CmH,,NO^  is  contained  in  the  mother-liquor  from  which  opianic 
acid  has  crystallized*,  it  forms  a  yellow  crystalline  mass,  very  soluble, 
of  bitter  taste,  and  feebiy-alkaUne  reaction.  Its  hydrocfalorate  b  a 
well-defined  salt.  The  transformation  of  narootine  into  opianic  add  and 
cotamine  is  represented  by  the  equation  C44H„NO,44-20  =  Ci9H,«0|«+ 
G^HisNOq.  Another  basic  substance,  narcogenme,  was  aoddenUdly 
produced  in  an  attempt  to  prepare  cotamine  by  bichloride  of 
platinum.  It  formed  Jong  orange-coloured  needles  and  oontained 
CggH|,NOi0. 

By  heating  opianic  acid  with  a  strong  solution  of  potassa,  it  is 
converted  into  a  crystallisable  neutral  and  volatile  sub&tance  called 
meconine,  C^o^io^s*  *^  abibasic  ciystallizable  add  termed  hemipinie 
acid,  C«H.O,o.2HO.— 2C^,oOi»  =  C«H,oO.-|-C«H„0,y  Hemipinlo 
add,  treated  with  hydriodic  acid,  splits  up  into  iodide  of  methyl,  carbonic 
add,  and  monooxysulicylic  add,  Ci^H^O,,  the  relation  of  which  to  gallic 
add  has  already  been  mentioned  (page  578).   When  cotamine  is  gently 


ORGAKIO  BABES.  617 

beated  with  very  dilute  nitric  acid,  it  is  converted  into  nitrate  of  methyla- 
mine  and  a  new  bibasic  acid  termed  cotamic,  containing  GqHjoO,,2HO. 

— <iiHi,NO,+4HO+NO.,HO=C,H,NO,NO.+C„H„0,o. 

Codeine. — Hjdrochlorate  of  morphine,  prepared  directly  from 
opium,  as  in  Gregory's  process,  contains  codeine-«alt  When  diasolyed 
in  water,  and  mixed  witii  a  slight  excess  of  ammonia,  the  morphine  is 
precipitated,  and  the  codeine  left  in  solution.  Pure  codeine  crystallizes, 
by  spontaneous  evaporation,  in  colourless  transparent  octahedra :  it  is 
soluble  in  80  parts  of  cold,  and  17  of  boiling  water,  has  a  strongly- 
alkaline  reaction,  and  forms  crystal lizable  ^Its. 

Codeine  is  composed  of  Cj^I^iNO,:  it  is  homologous  to  morphine. 
This  base  has  been  the  subject  of  a  careful  investigation  by  Dr.  Ander- 
son, who  has  prepared  a  great  number  of  its  derivatives,  all  of  which 
establish  the  formula  given. 

Thebaine  or  paramorphine. — ^This  substance  is  contained  m  the 
precipitate  formed  by  hydrate  of  lime  in  a  strong  infusion  of  opium  in 
Thiboomery's  process  for  morphine.  The  precipitate  is  well  washed, 
dissolved  in  dilute  add,  and  mixed  with  ammonia  in  excess,  and  the 
thebaine  thrown  down  crystallized  from  alcohol.  It  forms  when  pure, 
colourless  needles  like  those  of  naitM>tine,.  but  sparingly  soluble  in 
water,  readily  soluble  in  the  cold  in  alcohol  and  ether.  It  melts  when 
heated,  and  decomposes  at  a  high  temperature.  With  dilute  acid  it 
forms  crystallizable  compounds,  and  when  isolated  and  in  solution 
has  a  powerfully-alkaline  reaction.  The  composition  of  thebaine  is 
CJH„NO,. 

A  series  of  other  bases,  papcmermef  Cyfifi^O^  pseudo^morphme^ 
narceine,  G^^Hg^NOig,  cpkanne,  and  porphyroxine,  are  abo,  at  least, 
occasionally,  contain«l  in  opium :  they  are  of  small  importance,  and 
comparatively  little  is  known  i^pecting  them.  Papaverine  contains 
CfJEI^iNOg.  A  considerable  number  of  derivatives  of  papaverine  have 
been  prepared  which  confirm  this  formula. 

CiNCHONiNE  AND  QUININE. — It  is  to  these  vegeto-alkalis  that  the 
Talnable  medicinal  properties  of  the  Peruvian  barks  are  due.  They 
ore  associated  in  the  bark  with  sulphuric  add,  and  with  a  special  add, 
called  the  knUc,  Cinchonine  is  contained  in  largest  quantity  in  the 
pale  bark,  or  Cinchona  condammea ;  quinine  in  die  yellow  bark,  or 
Cinchona  cordifoiia  ;  the  Cinchona  oblongifoiia  contains  both. 

The  simplest,  but  not  the  most  economical,  method  of  preparing 
these  substances,  is  to  add  a  slight  excess  of  hydrate  of  lime  to  a  strong 
decoction  of  the  ground  baik,  in  addulated  water ;  to  wash  tlie  pred- 
mtate  which  ensues,  and  boil  it  in  alcohol.  The  solution,  filtered  while 
hot,  deposits  the  vegeto-alkali  on  cooling.  When  both  bases  are  present, 
they  may  be  separated  by  converting  them  into  sulphates :  the  salt  of 
quinine  is  the  least  soluble  of  the  two,  and  crystallizes  first. 

Pure  dnchonine,  or  cinchonia,  crystallizes  in  small,  but  beautifully 
brilliant,  transparent,  four-sided  prisms.  It  is  but  very  feebly  soluble 
in  water,  dissolves  readily  in  boiling  alcohol,  and  has  but  little  taste, 
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although  its  saltfl  are  exoean'Tely  bitter.  "It  is  a  powerfbl 

ixing  acids  oomi^etely,  and  forming  a  series  of  crystallizabfe  ahb 

Cindionine  turns  the  plane  of  polarization  tn  the  r^t. 

Qninine,  or  qnina,  much  resembleft  dnchonine :  it  does  not  cnxtaK- 
liae  so  well,  however,  and  is  much  more  soluble  in  water:  its  tarte  is 
intfloselj  bitter.   Quinine  turns  the  plane  of  polarixatioo  towards  the  Uk 

Qncbonine  is  composed  of  .    CJS^'Sfi^  and 

Quinine  of       ...        .    O^^H^^NjOf. 

Sulphate  of  quinine  is  manufactored  on  a  rtsrj  large  ccalc  §m 
medicinal  use :  it  crystallizes  in  small  white  needles,  which  give  a 
neutral  sol  ution.  This  substance  contains  CJ3i^^'Sfi^^0^SO^'^  7H0. 
The  solubility  of  this  compound  is  much  increased  by  the  additisB 
of  a  little  sulphuric  acid,  whereby  the  acid  salt  f^j^W^K^O^  pQ_^^ 
H0,S0,+14H0  is  formed.  A  very  interesting  oompouad  has  been 
produced  by  Dr.  Herapath,  by  the  action  of  iodine  upon  the  aolp^te 
of  quinine.  It  is  a  crystalline  substance  of  a  brilliant  emerald  cofem^ 
which  appears  to  consist  of  equal  equivalents  of  the  sulphate  of  quiaiae 
and  of  iodine.  This  remarbtble  compound  possesses  the  optical  pio- 
perties  of  the  mineral  tourmaline.    (See  page  73.) 

Quinidine, — In  manufiicturing  snlphate  of  quinine,  a  new  base  has 
been  obtained,  whidi  differs  brom  quinine,  in  fome  of  its  physiesl 
properties,  but  is  said  to  have  the  same  composition.  It  hn  ben 
described  under  the  name  of  quinidine^  and  appears  to  have  the  same 
medicinal  properties  as  quinine.  The  substance  has  been  careAiHy 
examined  by  M.  Pasteur,  and  his  researches  have  led  to  the  fioUowi^ 
interesting  results. 

The  substance  which  is  found  in  commerce  nnder  the  name  of  quini- 
dine is  generally  a  mixture  of  two  alkaloids,  of  which  the  one  is  isomeric 
with  quinine,  and  the  other  isomeric  with  dnchonine.  H.  Pasteur  de- 
signates these  two  substanoes respectively  as  qumidineuid  cmohonidSne. 
They  difier  from  quinine  and  dnchonine  in  several  minor  properties, 
bat  particularly  in  their  deportment  with  polarized  light,  for  whflc 
quinine  turns  the  plane  of  polarization  considerably  towards  the  1^ 
quinidine  exerts  a  powerful  action  towards  the  right.  Again,  witik 
dnchonine  deflects  considerably  towaids  the  right,  the  action  of  the 
isomeric  cinchonidine  is  in  the  opposite  direction,  namely,  towards  the 
left.  It  is  evident  that  quinine  and  quinidine  on  the  one  hand,  and 
dnchonidine  and  dnchonine  on  the  other,*  stand  to  each  other  in  about 
the  same  relation  as  levo-  and  dextix>-racemic  adds  (see  page  568). 
Kor  are  the  terms  wanting  which  correspond  to  raoemic  add  itsdf. 
M.  Pasteur  has  in  fact  proved,  that  both  quinine  and  quinidine^  ad 
likewise  dnchonine  and  cinchonidine,  are  peculiarly  modified  by  the 
action  of  heat;  exposed  for  several  hours  to  a  temperature  varying 
between  248°  and  266°  (120°  and  ldO°C),  quinme  and  quinidine  are 
converted  into  a  third  isomeric  alkaloid,  whidi  M,  Pasteur  terms  ftwn- 
oine,  while  dnchonine  and  cinchonidine  furnish  an  isomeric 


OBOANIO  BASBB.  619 

niider  the  same  drcumstonces.  In  ncemic  add  the  right-handed  actioQ 
of  dextro-raoemic,  and  the  lefVhanded  action  of  levo-raoemic  acid,  are 
cocBctly  bakudced,  racemic  add  poeeeaaing  no  longer  any  action  upon 
polarized  light:  in  the  two  new  prodaets,  in  qoinicine  and  dnchonidne, 
soch  a  perfect  balance  is  not  obeerred ;  both  still  exert  a  feeble  right- 
luuided  action,  which  is,  however,  rery  slight  when  compared  with  the 
powers  of  the  alkaloids  which  give  rise  to  them.  The  following  table 
exhibits  the  relations  of  the  six  alkaloids,  and  their  analogy  with  the 
laoemic  gronp,  in  a  more  oonspicnous  manner: — 

Quinine  Quinidne  Qninidine 

Left-handed  BigM-handed^  JUght-^nded, 

ptwerfully.  feebly.  very  powerfully, 

CSnchonine  Cinchonicine  Gnchonidine 

Bight-handed,  Eight-hcmded,  Left-handed, 

very  powetfuBy,  fe^y,  powerfutty. 

Dextro-racemic  Racemic  addj  Levo-racemic 

(tartaric)  acid.  neutrai,  add 

Sight-handed.  Left-handed, 

Ckinoidmet  qtnnoidine,  or  amorphous  quinine,  is  contained  in  the 
refbae,  or  moUier-liqaors  of  the  qninine  manufiictare.  In  its  purest 
state  It  forms  a  ydlow  or  brown  resin-like  mass,  insoluble  in  water, 
freely  solnble  in  alcohol  and  ether.  It  is  easily  soluble  also  in  dilute 
acids,  and  is  thence  precipitated  by  ammonia.  Quinoidine  possesses 
powerful  febrifuge  properties,  and  is  identical  in  composition  with 
qainine.  It  eridently  bears  to  quinine  the  same  relation  that  uncrys- 
talltzable  syrup  does  to  ordinary  sugar,  being  produced  from  quinine 
by  the  heat  employed  in  the  preparation. 

From  Cuaoo-  orArika-barkf  and  likewise  from  the  Cinchona  aoata, 
or  uMe  qumquina  of  Condaroine,  a  substance  denominated  aridne  or 
cinehovatine  Imb  been  extracted :  it  dosely  resembles  cinchonine  and  is 
said  to  contain  C^jgNO,.  If  this  formula  be  doubled,  it  exhibits  a 
dose  analogy  with  the  formulae  of  dnchonine  and  quinine,  differing,  in 
fiicty  from  tile  latter  only  by  containing  two  more  equivalents  of  oxygen. 

lliis  substance  is  uaeless  in  medidne. 

Strychnine  and  brucine,  also  called  strychnia  and  bruda,  are  con- 
tained together  with  several  still  imperfectly  known  bases,  in  Ntue  vomioa, 
in  Bt.  Ignatius'  beany  and  in  fabe  Angu^ura  bark.  Strychnine  and  bru- 
cine are  generally  associated  with  a  peculiar  add,  called  the  igasuric, 
Nnx-vomica  seeds  are  boiled  in  dilute  sulphuric  add  until  they  become 
iofi :  they  are  then  crushed,  and  the  expressed  liquid  mixed  with  excess 
of  hydrate  of  lime,  which  throws  down  the  alkaloids.  The  precipitate 
is  boiled  in  spirits  of  wine  of  sp.  gr.  0*  850,  and  filtered  hot.  Strydmine 
and  brudne  are  deposited  together  in  a  coloured  and  impure  state,  and 
mi^  be  separated  by  cold  alcohol,  in  which  the  latter  dissolves  readily. 

Pure  strychnine  crystallizes  under  favourable  circumstances  in  small 
but  exceedmgly  brilliant  octahedral  crystals,  which  are  transparent  and 
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oolonrless.  It  has  a  Tory  bitter,  somewhat  metallic  taste  (i  part 
1,000,000  parts  of  water  is  still  perceptible),  is  slightly  soloble  k 
water,  and  is  fearfully  poisonous.  It  dissolves  in  hot,  and  aonxvhal 
dilute  spirit,  but  neither  in  absolute  alcohol,  ether,  nor  in  stdatian  if 
caustic  alkali.  This  alkaloid  may  be  readily  identified  by  moistemaf  a 
crystal  with  ooaoentrated  sulphuric  acid,  an(i  adding  to  the  liqiad  a 
crystal  of  bichromate  of  potassa,  when  a  deep  violet  tint  is  pvodncid, 
which  disappears  after  some  time.  Stiychnine  forms  with  acids  a  aeriei 
of  well-defined  salts,  which  were  examined  by  Messrs.  NicboVMn  and 
Abel,  who  established  for  strychnine  the  formula  C^fi„'Sfi^, 

Brucioe  is  easily  distinguished  from  the  preceding  subitatioe,  wbich 
it  much  resembles  in  many  respects,  by  its  ready  solubility  in  aloohai 
both  hydrated  and  absolute.  It  dissolves  also  in  about  500  parts  of  koi 
water.    The  salts  of  brudne  are,  for  the  most  part,  ciyataliisable. 

Brucine  contains  CJl^fi^ 

Yekatrins  (or  veratria)  is  obtained  from  the  seeds  of  Vt 
mAckiilla,     In  its  pure  state  it  is  a  white  or  yellowish-white 
which  has  a  sharp  burning  taste,  and  is  very  poisonous.     It  is 
able  for  occasioning  violent  sneezing.     It  is  insoluble  in  water,  bat 
solves  in  hot  alcohol,  in  ether,  and  in  adds :  the  solution  has  an  *ifc»ii— 
reaction.    Veratrine  contains  C^^u^^fiw 

A  substance  called  oofcAtctne,  extracted  from  the  Cotchiciun 
naie,  and  formerly  confounded  with  veratrine,  is  now  oonsidexcd 
tinct :  its  history  is  yet  imperfect. 

HARMALiNE.^This  compound  is  extracted  by  dilute  acetic  aoM 
from  the  seeds  of  the  Peganum  harmala,  a  plant  which  grows  abon- 
dantly  in  the  Steppes  of  Southern  Russia,  and  the  seeds  of  which  arc 
used  in  dyeing.  When  pure,  it  forms  yellowish  prismatic  crystsb. 
soluble  in  alcohol  and  dilute  adds,  but  scarcely  formine  crystalliahie 
salts.  By  oxidation  it  gives  rise  to  another  compound,  Aormmc,  whiek 
iteielf  possesses  basic  properties.  Hannaline  contains  OJly^JX^  sad 
harmine  CmHuN^O,. 

Caffbive,  or  THEINE. — ^This  remarkable  substance  oocura  in  km 
artides  of  domestic  life,  infiirioDs  of  which  are  used  as  beveragaa  over 
the  greater  part  of  the  known  world,  namely,  tea  and  coffee,  and  in  the 
leaves  of  Ouawana  offidnaHSf  or  PctuUinia  sorbiUs,  and  in  thoae  tf 
Ilez  paraguayensia ;  it  will  probably  be  found  in  other  pUnts.  A 
decoction  of  common  tea,  or  of  raw  coffee-berries,  previously  cruahad, 
is  mixed  with  excess  of  solution  of  basic  acetate  of  lead.  The  aolutioa, 
filtered  firom  the  copious  yellow  or  greenish  predpitate,  is  treated  with 
sulphuretted  hydrogen  to  remove  the  lead,  filtered,  evaporated  to  a 
small  bulk,  and  neutralized  by  ammonia.  The  caffeine  cnrstalliaea  out 
on  cooling,  and  is  easily  purified  by  animal  charcoaL  It  ronns  tufts  ni 
delicate,  white,  silky  needles,  which  have  a  bitter  taste,  melt  when 
heated  with  loss  of  water,  and  sublime  without  deoompositioQ.  It  is 
soluble  in  about  100  parts  of  cold  water,  and  much  more  easily  at  s 
boiling  heat,  or  if  an  add  be  present.     Alcohol  also  dissolves  it>  but 
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easily.    Gafieine  contains  Cj^Hj^N^Oi.     The  basic  properties  are 
lNBel>le.     The  salts  with  hydrochloric  and  sulphuric  adds  are  obtained 
only  with  difficulty.     It  forms,  however,  splendid  double-salts  with 
l>icMoxide  of  platinum  and  terdiloride  of  gold.    The  products  of  oxi- 
dation of  caffeine,  which  have  been    studied   by  Rochleder,  are  of 
considerable  interest,  inasmudi  as  both  their  composition  and  their 
properties  establish  a  close  connection  between  these  products  and  the 
derivatives  of  uric  acid.    Under  the  influenoe  of  chlorine,  caffeine  yields 
a.  snbstance  of  feebly-acid  properties,  which  contains  CjsH^NgOg.     This 
compound,  which  hu  receiv^  the  name  amaiic  acidy  is  homologous  to 
allozantin.    When  treated  with  oxidizing  agents,  it  yields  ohoiestrophanef 
Ojo^e^s^tt  corresponding  to  parabanic  acid  of  the  urio-acid  series. 
Ofaolestrophane  may  be  viewed  as  dimethyl-parabanic  add ;  it  has,  in 
£Eust,  been  obtained  by  digesting  parabanate  of  silver  with  iodide  of 
methyl, 

C,Ag,N,Oe+ 2C,H,I = 2  AgI-hC,oH,N,0,. 
The  murexide  of  the  caffeine  series  lastly  is  formed  by  the  treatment  of 
axnalic  add  with  ammonia,  exactly  as  Uie  murexide  par  excellence  is 
formed  by  the  action  of  ammonia  upon  alloxantin.  The  new  murexide 
imitates  its  prototype,  not  only  in  composition,  but  likewise  in  the 
green  metallic  lustre  of  its  crystals,  and  the  deep-crimson  colour  of  its 
aolntions. 

Theobromine. — ^The  seeds  of  the  Theobroma  cacaOf  or  cacao-nuts, 
izom  which  chocolate  is  prepared,  contain  a  crystallisable  prindple  to 
ivhidi  the  preceding  name  is  given.  It  is  extracted  in  the  same 
manner  as  caffeine,  and  forms  a  white,  crystalline  powder,  which  is 
much  less  soluble  than  the  last-named  substance.  It  contains,  ac- 
cording to  Glasson,  C^fi^^fi^,  Theobromine  is  easily  soluble  in 
aqueous  ammonia ;  by  adding  nitrate  of  silver  to  this  solution,  and 
boiling,  a  crystalline  predpitate  of  a  compound  of  theobromine  and 
idlver  CjfH^AgNfOf  is  obtained.  By  treating  this  silver-compound 
with  iodide  of  methyl,  M.  Strecker  obtained  iodide  of  silvor  and  caf- 
feine, C,4H7AgN\04-|-CjH,I=AgI-f-C„Hi^N^04,  which  may  be  ex- 
tracted with  alcohol.  Caffeine  must  therefore  be  r^arded  as  methyl- 
theobromine.  The  products  obtained  from  theobromine  by  oxidation 
appear  to  be  homolo^us  with  several  terms  of  t^e  uri&iadd  seiies. 

Xanthine,  OioU^N^O^.  —  Xanthine  was  first  described  by  Dr. 
Marcet  under  the  name  of  xantbic  oxide,  which  he  discovered  as  a 
constituent  of  urinary  calcuH  ;  recently  it  has  been  found  among  the 
products  of  the  decomposition  of  guanine.  It  is  present  in  nearly 
every  part  of  the  animal  organism,  and,  although  in  very  minute  quan- 
tities, in  urine. 

Xanthine,  aooording  to  M.  Strecker,  may  be  prepared  with  the  greatest 
&dlity  from  guanine  (page  622).  Nitrite  of  potassa  is  added  to  a  solution 
of  guanine  in  concentrated  nitric  add  until  a  powerful  evolution  of  red 
inmes  takes  place :  the  solution  is  then  mixed  with  a  large  quantity  of 
water,  when  a  yellow  substance  is  precipitated,  which,  after  washing 
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with  water,  is  diasolyed  in  ammonia.  A  solution  of  pratonxlphate  of 
iion  is  now  added  until  a  black  precipitate  of  protoxide  of  iron  begins 
to  appear  *  llie  still  powerfully  ammoniacal  solution  is  filtend  sod 
evaporated  to  dryness,  the  residue  is  extracted  with  water  in  onler  to 
separate  the  sulphate  of  amm<mia,  filially  dissolred  in  anuDonia  apd 
evaporated.  Xanthine  is  a  white,  uncrystalline  powder,  diffieoMy 
soluble  in  water,  soluble  in  adds,  with  which  it  forms  crystalline  oon- 
pounds.  The  sulphate  has  the  composition  Cj^H^N^O^+^SO^HO. 
Xanthine  disaolveB  with  facility  in  ammonia  and  potassa.  Its  cfaa> 
racteristio  property  is  to  dissolve  wiUiout  evolution  of  gas  in  nitxie 
add,  and  to  give  on  evaporation  a  deep-yellow  residue,  wliich,  on  tlie 
addition  of  ammonia  or  solution  of  potassa,  assumes  a  yeUowidi-'i«d 
colouration.  By  the  treatment  of  xantliate  of  silver  C^JEL^Ag^fi^ 
with  iodide  of  methyl,  Strecker  obtained  a  body  isomeric  with  theo- 
bromine, differing,  however,  in  its  properties  from  that  sufastanoe, 

CioH,Ag,NA+2C,H3l  =  2AgI+ C„H,N,0,. 

Sabkine  (Hypozanthine),  C^H^N^O^— This  base  is  a  coMtitoent 
of  the  fledi  of  vertebr&ta.  It  is  best  prepared  from  the  mother- 
liquor  of  kreatin  (see  page  623),  by  diluting  with  water  and  boiling 
with  acetate  of  copper,  when  the  sarkine  is  precipitated  in  combiiMtioB 
with  oxide  of'  copper.  This  precipitate  is  dissolved  in  nitric  acid  and 
mixed  with  nitrate  of  silver ;  the  crystals,  a  compound  of  nitnte  oi 
sarkine  with  nitrate  of  silver,  are  purified  by  recrystaUixaUon  from 
nitric  acid,  and  are  then,  by  ebullition  with  an  ammoniacal  stdntion  of 
nitrate  of  silver,  converted  into  the  c<»npound  of  aarldne  with  oxide 
of  silver  Ci^H^N^Oj+^AgO,  which  is  deoomposed  by  sal^nretted 
hydrogen. 

Sarkine  constitutes  delicate  white  microscopic  needles,  diflicnltly 
soluble  in  cold  water,  easily  soluble  in  boiling  water,  in  dilute  adds, 
ammonia,  potassa,  and  baryta  water.  Sarkine  forms  crystallixable 
salts  with  adds,  containing  1  equivalent  of  add.  It  unites  with 
bases,  like  guanine^  to  crystalline  compounds  containing  2  equivalents 
of  metallic  oxide. 

Guanine,  Cifi J^fi^. — ^This  base  was  first  obtained  from  guano ; 
it  has  also  been  proved  to  exist  in  the  pancreatic  juice  of  mammalia, 
and  in  the  excrement  of  the  spider.  This  substance  is  prepared  in 
the  following  manner.  Guano  is  boiled  witih  water  and  hydrate  rf 
lime  until  a  portion  of  the  liquid,  when  filtered,  appears  but  slightly 
coloured :  the  whole  is  then  filtered,  and  the  filtrate  saturated  with 
acetic  add,  when  the  guanine  mixed  with  uric  acid  is  predpitated.  It 
IS  purified  by  solution  in  hydrochloric  add  and  predpitation  by  am- 
monia. 

Guanine  is  a  colourless,  crystalline  powder,  insoluble  in  wiUer,  al- 

•  The  treatment  of  guanine  with  nitric  add  gives  rise  to  zanttilne  sod  a 
nitro-oompottnd,  which  by  the  action  of  reducing  agents  is  converted  Into  xsn* 
thine.    M.  Strecker  recommends  a  salt  of  protoxide  of  iron  for  this  puipose. 
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ooholy  ether,  and  ammonia,  voluble  in  adds  and  solation  of  potassa. 
With  the  adds  it  fonna  crystallizable  aalta,  containing  1  and  2  equi- 
▼alenta  of  add ;  it  combines  with  baaes  to  crystalline  compounds  con- 
taining 2  equivalents  of  metallic  oxide. 

Guanine,  sarkine,  and  xanthine  bear  a  great  resemblance  to  each 
other,  and  are  all  found  in  the  animal  organism.  Guanine,  on  account 
of  its  insolubility  in  water  and  ammonia,  may  easily  be  separated  from 
the  two  other  substances.  To  separate  xanthine  and  sarkine  they  are 
oonTerted  into  the  hydrochlorates,  which  are  treated  with  warm  water ; 
hydrochlorate  of  xanthine  is  so  little  soluble  in  that  liquid,  that  it  may 
be  separated  from  the  admixed  hydrochlorate  of  sarkine. 

GuANiDiNE,  GjH^N,. — ^This  substance  is  prepared  from  guanine. 
Goanine  is  treated  with  hydrochloric  acid  and  chlorate  of  potassa, 
when  it  is  converted  into  a  mixture  of  guanidine  and  parabanic  add. 
Aa  soon  as  the  guanine  is  completely  dissolved,  the  liquid  is  evapo- 
rated until  the  parabanic  acid  CeH^N^O^  has  crystallized  out  The 
mother-liquor  is  treated  with  a  mixture  of  alcohol  and  ether,  which, 
separated  from  the  residue  and  evaporated,  yields  on  evaporation  the 
crude  hydrochlorate  *of  guanidine.  The  hydrochlorate  may,  by  diges- 
tion with  sulphate  of  silver,  be  converted  into  the  sulphate,  and  the 
latter  finally  into  the  free  base  by  addition  of  baryta  water. 

Guanidine  thus  prepared  presents  itself  in  colourless  crystals,  readily 
soluble  in  water  and  alcohol ;  the  solution  has  a  powerfully  alkaline 
reaction.  It  absorbs  carbonic  add  from  the  air,  forming  a  carbonate 
C^5N„H0,C0„  which  has  an  alkaline  reaction,  and  crystallizes  in 
square  prisms.  The  transformation  of  guanine  into  parabanic  add 
and  guanidine  is  represented  by  the  following  equation : 

C,oHjN,0,+60+2HO  =  CeH,N,0,+CgH.N,+2COr 

Triethtlquanidinb. — ^The  action  of  sodium  alcohol  upon  cya- 
nate  or  cyanurate  of  ethyl  gives  rise  to  a  base  having  the  composition 
C,4H,,N,,  which  may  be  viewed  as  triethylguanidine  (cyantriethyl- 
diamine).     It  is  formed  according  to  the  following  equation : 

S{(^lSOfi^^fi)+ 2(C  ANaOg)  =  CuH,  ,N,+ C^H* + 2C0.  + 

2(NaO,CO,). 

Kbsatik,  C8H,N,04+2H0.— Kreatin  was  first  observed  by  Chev- 
reul,  and  has  been  studied  very  carefully  by  Professor  Liebig,  who 
obtained  it  from  the  soup  of  boiled  meat.  It  is  prepared  from 
the  juice  of  raw  flesh  by  the  following  process : — A  large  quantity  of 
lean  flesh  b  cut  up  into  shreds,  exhausted  by  successive  portions  of 
cold  water,  strained  and  pressed.  The  liquid,  which  has  an  add  reac- 
tion, is  heated  to  coagulate  albumin  and  colouring  matter  of  blood,  and 
passed  through  a  doth.  It  is  then  mixed  with  pure  baryta-water  as 
long  as  a  precipitate  appears,  filtered  from  the  deposit  of  phosphates, 
and  evaporated  in  a  water-bath  to  a  syrupy  state.  Afler  standing 
some  days  in  a  warm  situation,  the  kreatiu  is  gradually  deposited  in 
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crystals,  which  are  easily  purified  by  re<«oluti(ai  in  water 
tion  with  a  little  animal  diarooal.* 

When  pure,  kreatin  forms  colourless,  brilliant^  prismatic  crjilals, 
which  become  dull  by  loss  of  water  at  212*'  (lOO^C).  Thmj  dm- 
solve  readily  in  boiling  water,  sparingly  in  cold,  and  are  but  littie 
soluble  in  alcohol.  The  aqueous  solution  has  a  weak  bitter  tote, 
followed  by  a  somewhat  acrid  sensation.  In  an  impure  fltate  die 
solution  readily  putrefies.  Kreatin  is  a  neutral  body,  not  comlniiiig 
ether  with  adds  or  alkalis.  In  the  crystallized  state  it  rontafas 
C,H,N,0„2H0. 

Ebeatinine,  CfijVfly — By  the  action  of  strong  adds,  kreatm  m 
converted  into  kreatininef  a  powerful  organic  base,  with  asparatioa  of 
the  elements  of  water.  The  new  substance  forms  colourieaa  prismatic 
crystals,  and  is  much  more  soluble  in  water  than  kreatin :  it  has  a 
strong  alkaline  reaction,  forms  with  acids  crystaUizable  salts,  and  oosi- 
tains  CsH^NsOs 

Ereatinine  pre-eiists  to  a  small  extent  m  the  juice  of  flesh,  together 
with  lactic  add  and  other  bodies  yet  imperfectly  examined.  It  is  also 
found  in  conjunction  with  kreatin  in  urine. 

Saboosine,  CglffNO^  is  formed  on  boiling  kreatin  with  baryta* 
water;  ammonia  is  eliminated,  a  precipitate  of  carbonate  of  baryta 
separates,  and  the  solution,  aiW  the  removal  of  the  baryta  by  car- 
bonic add,  yields  on  evaporation  colourless  rhombic  prisms  of  sareo- 
sine.  The  kreatin  splits  into  sarcosin^  and  urea,  the  Utter  bemg 
further  decomposed  into  ammonia  and  carbonic  add.  Sarcoaine 
solves  with  facility  in  water ;  it  is  difficultly  soluble  in  alooh<d,  ii 
luble  in  et^er,  and  has  no  action  upon  vegetable  colours.  It  oombii 
with  adds  to  soluble  salts  which  have  an  acid  reaction.  The  doable 
salt  of  sarcosine  witii  bichloride  of  platinum  crystallises  in  large  ydlow 
octahedia  of  the  composition  CeH,N04,HCl,PtCl,+2HO.  AocoidiD^ 
to  M.  Volhardt,  sarcosine  is  artificially  produced  by  digesting  cUor^ 
acetate  of  oxide  of  ethyl  with  an  excess  of  a  concentrated  aqueous  solu- 
«  tion  of  methylamine  at  24d°F  (120°C).  Its  formation  is  represented 
by  the  following  equation  : 

CAC10,.CA0+  2C^4N+2HO  =  CANO.+CAOj+CyijN.Ha. 

According  to  this  formation,  saixx)8ine  must  be  viewed  as  methyl- 
glyeoooll. 

*  The  mother^liquld  fh>m  flesh  from  which  the  kreatin  has  been  depoeltail 
contains,  among  oiher  things,  a  new  add,  the  Aioetnic,  the  aqneoos  solnUoo  of 
whidi  reftises  to  crystallize.  It  has  a  strong  add  reaction,  and  is  predpitatod 
4n  a  white  amorphous  condition  by  alcohol.  It  probably  contains  CioH«Nf 
Oio,HO.  Recently,  moreover,  a  kind  of  sugar,  wbicb,  however,  does  not  fer> 
ment,  has  been  found  in  the  Juice  from  the  muscular  structure  of  the  heart.  It 
was  discovered  by  Scherer,  who  calls  It  motite,  and  gives  the  oompositlan 
C«4H24024+4H0.  lliis  substance  crystallizes  in  xectangular  prismatic  oystals. 
(4ee  aiao  page  432.) 
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GL.rcO00LL,  C^H^KOf,  fe  obtained  by  the  action  of  acids  or  alkalis 
npoD  animal  substances,  such  as  glue,  hippuric  acid,  cholic  add,  &c. 
From  hippuric  acid  it  is  formed  according  to  the  equation 

QgHyKO,    +     2H0     =     C^H^NO^     +     C^fifi^ 
Hippuric  add.  Glycocoll.        Benzoic  add. 

Hippuric  add  is  boiled  for  several  hours  with  concratrated  hydro- 
chloric add ;  the  liquid  is  then  evaporated  nearly  to  dryness,  the  resi- 
dae  extracted  with  cold  water,  the  solution  treated  with  oxide  of  lead, 
to  separate  the  hydrochloric  acid,  and  filtered  ;  the  filtrate,  after  preci- 
pitation of  the  lead  by  sulphuretted  hydrogen,  yields  on  evaponitioi^ 
hard  transparent  crystals  of  glycocoll.    Glyoocoll  is  easily  soluble  in 
^nrater,  nearly  insoluble  in  alcohol  and  ether.     It  combinra  with  adds 
in  different  proportions,  with  sulphuric  add  to  €4115^0430,80,.     On 
addition  of  alcohol  to  a  solution  of  this  sulphate,  a  salt  crystallizing 
in  rectangular  prisms  is  deposited  containing  3(C4H5NO^)  2(H0,S0,). 
GlyooeoU  forms  saline  compounds  with  most  of  the  metailic  oxides ;  for 
example,  CfH^CuNO^+HO,  and  C4H4AgN04 ;  it  also  combines  with 
salts  of  the  metals  to  crystalline  double  compounds,  such  as  C4H3NO4, 
KO,K0„  and  C4H.N04,AgO,N04. 

Alanine,  €9117^04,  has  not  yet  been  found  in  nature ;  it  is  ob- 
tained artificially  by  boiling  a  mixture  of  aldehyde-ammonia  and 
prussic  add  with  dilute  hydrochloric  acid,  evaporating  the  solution, 
and  extracting  the  hydrochlorate  of  alanine  with  alcohol.  After  sepa- 
rating the  hydrochloric  add  by  hydrated  oxide  of  lead,  the  solution 
contains  alanine  in  combinatios  with  oxide  of  lead;  to  separate  the 
latter  the  solution  is  saturated  with  sulphuretted  hydrogen,  filtered, 
and  evaporated,  when  rhombic  prisms  of  a  peai*ly  lustre,  easily  soluble 
in  alcohol,  little  soluble  in  ether,  are  obtained.  Alanine,  like  glyco- 
coll, combines  with  adds,  bases,  and  salts. 

Leucine,  C12H13NO4,  was  first  discovered  in  putrid  cheese;  more  re- 
cently it  has  been  found  in  several  parts  of  tlie  animal  organism.  It  is 
foi*roed  by  the  decompoeition  of  animal  substances,  such  as  glue, 
horn,  wool,  &c.,  during  putrefaction,  and  by  the  treatment  of  these 
substances  with  adds  or  alkalis.  It  may  be  obtained  artificially  by 
digesting  together  a  mixture  of  valeric  aldehyde-ammonia,  hydrocyanic 
add,  and  hydrochloric  add.  Leucine  crystallizes  in  white  shining 
scales,  which  fuse  at  212^  (lOO'^),  and  may  be  sublimed  without 
decomposition ;  it  is  but  little  soluble  in  water,  still  less  in  alcohol, 
insoluble  in  ether.  When  heated  with  caustic  baryta  it  splits  Into  car- 
bonic add  and  amylamine  (see  page  636),  C,2  H„N04  =  C,oHiaN+2COr 
It  unites  with  adds,  bases,  and  salts.  Treatment  with  nitrous  acid 
gives  rise  to  leucic  acid,  C^fl^fi^  which  is  analogous  to  lactic  add. 
Glyoocoll,  alanine,  and  leucine,  form  a  homologous  group. 

28 
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GlyooooU    C4H4NO4        Amido-icetic  add  Q  H,  KH/)^ 

Alamine      C«  H,  KO4        Amido-propionic  add        C«  H,  ^^^% 
Leucine       CjsH,,N04        Amido-capronic  add  Cj^^^SB/)^ 

Some  diemisU  view  these  compounds  as  amidic  adds  (i>.  acids  ia 
which  1  equivaleut  of  hydrogen  is  replaced  by  the  groap  l^I^).  Tbey 
are  all  capable  of  uniting  with  acids  as  well  as  with  buses.  Nitroas 
acid  attacks  these  compounds,  converting  them  respectively  into 

Glyoolicacid       C4H<0e 

Lactic  add  C,  H,  0« 

Leucic  acid         ^iflifi^ 

The  process  in  the  case  of  glycoooU  is  represented  by  tbe  folloiwinf 
equation ; 

The  substances  belonging  to  this  group  may  be  produced  artificall  j 
by  two  methods,  viz. : 

1.  By  treating  a  mixture  of  pnissio  add  and  the  ammonia  com- 

pound of  the  aldehyde  containing  2  eq.  of  carbon  leas,  with  hj^ 
drochloric  add, 

C,NH+ C4H40,NH,+2HO=C,H,N04+NH^ 

2.  By  the  action  of  ammonia  upon  the  corresponding  mooochlori- 

nated  or  monobrorainated  fatty  acid, 

C4H3CIO4+  NH,  =  C4H,N04+  Ha 

Berberine.  —  A  substance  crystallizing  in  fine  yellow  needles 
slightly  soluble  in  water,  extracted  fixHn  the  root  of  the  Berberis  m/- 
garis.  It  has  feeble  basic  properties,  and  contains  C^fHjgNO,^.  This 
must  not  be  confounded  with  bebeerine,  an  uncrystallizable  Iwsic  aab- 
stanoe,  from  the  bark  of  the  green-heart  timber  of  Guiana,  which  has 
the  composition  C„H,|NO«. 

PiPERiNE. — A  colourless,  or  slightly-yellow  crystallizable  principle, 
extracted  from  pepper  by  the  aid  of  alcohol.  It  is  insoluble  in  water. 
Formula  C^gHj^N.^!,*  Piperine  readily  dissolves  in  add;  definite 
compounds,  however,  are  obtained  only  with  difficulty. 

Conine  (conicine,  or  conia),  nicotine,  and  sparteine  differ 
from  the  other  vegetable  bases  in  physical  char^icters :  they  are  volatile 
oily  liquids.  The  first  is  extracted  from  hemlock,  the  second  from 
tobacco,  and  the  third  from  broom  {Spartwm  scopariwn).  They  agree 
in  most  of  their  characters,  having  high-boiling  points,  very  poisonons 
properties,  strong  alkaline  reaction,  and  the  power  of  forming  with 
acids  crjTstallizable  salts.  The  formula  of  nicotine  is  C^Hj^N, ;  that  of 
oonine,  C,«H,5N ;  and  that  of  sparteine  C^H^N,. 

Closely  allied  to  conine  is  conydine,  C^fl^JSO^^  a  crystalline  base, 
extracted  by  Wertheim  from  hemlock.  When  distilled  with  anhydrous 
phosphoric  acid,  it  splits  into  conine  and  2  eq.  of  water. 
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Thei'e  are  rerj  many  other  bodies,  more  or  less  perfectly  known, 
liaTing  to  a  <»rtain  extent  the  properties  of  salt-bases:  the  following 
statement  of  the  names  and  mode  of  oocurrem»  of  a  few  of  them  must 
suffice. 

HyoKycanine  {Datvrine), — A  white,  crystallizable  substance,  from 
Syoscy<mwa  niger;  it  occurs  likewise  in  Datura  stramonium, 
*  ^^roptne.— Colourless   needles,  from  Atropa  belladonna;  formula 
C«H„NO.. 

Solanine. — A  pearly,  crystalline  substance,  from  various  solanaoeoos 
plants ;  formula  Cg^HfoNO,,.  (?) 

Aconitine, — A  glassy,  transparent  mass,  from  Aconitum  nc^lhts  ; 
ftrmula  CmH4tNO,4. 

IMpkinme, — A  yellowish,  fusible  substance,  from  the  seeds  of 
Z)eiphimtim  staphisagria, 

Emetine^ — A  white  and  nearly  tasteless  powder  from  ipecacuanha  root 

Cvrwrine, — ^Tbe  arrow-poison  of  Central  America. 


There  exists  an  extensive  series  of  neutral,  usually  bitter,  and  some- 
times poisonous  vegetable  principles,  which  are  allied  in  some  mea^ 
sure  to  the  v^etable  alkalis.  Some  of  these  are  deittitute  of  nitrogen. 
Three  of  the  number,  salicin,  phloridzin,  and  populin,  have  been  ali-eady 
described  (see  pc^oi  556  and  560) ;  the  most  important  of  the  remainder 
are  the  following  :— 

Gentianin. — The  bitter  principle  of  the  gentian  root,  extracted  by 
ether.  It  crystallizes  in  golden-yellow  needles,  is  sparingly  soluble  in 
cold  water,  more  soluble  in  hot  water,  and  freely  dissolved  by  alcohol 
and  ether.     Its  composition  is  CggHi^OiQ. 

Daphnin. — Extracted  from  the  baric  of  the  Daphne  mezereum;  it 
fonns  colourless,  radiated  needles,  freely  soluble  in  hot  water,  alcohol, 
and  ether. 

Hesperidin. — A  white,  silky,  tasteless  substance,  obtained  from  the 
spongy  part  of  oranges  and  lemons.  It  dissolves  in  60  parts  of  hot 
water :  also  in  alcohol  and  ether. 

Elatebin. — ^The  active  principle  of  JHomordica  elaterium.  It  is 
a  white,  silky,  crystalline  powder,  insoluble  in  water.  It  has  a  bitter 
taste,  and  excessively  violent  purgative  properties.  Alcohol,  ether,  and 
oils  dissolve  it.  Exposed  to  heat,  it  melts  and  afterwards  volatilizes. 
It  contains  CgftHj^Oj.  (?) 

AnTiARiN. — The  poisonous  principle  of  the  Upas  antiar.  It  forms 
small  pearly  crystals,  soluble  in  27  parts  of  boiling  water,  and  also  in 
alcohol,  but  scarcely  so  in  ether :  it  cannot  be  sublimed  without  de- 
composition. Introduced  into  a  wound  it  rapidly  brings  on  vomiting, 
convulsions,  and  death.     Antlarin  contains  C14H10O5. 

PiCROTOXiN. — It  is  to  this  substance  that  Cocculus  indicus  owes  its 
active  properties.     Picrotoxin  forms  small,  colourless,  stellated  needles. 
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of  inexpressibly  bitter  taste,  vhicb  dissolve  in  25  parts  of  bofli^ 
alcohol.     It  oontaiuB  Cififi^. 

Samtonih. — ^This  substance  is  the  crystalline  principle  of  sevczal 
Tarieties  of  Artemisia,  In  order  to  obtain  it,  the  seeds  are  cntslied, 
and  digested  with  lime  and  spirit  of  wine,  when  a  yellow  liquid  u 
obtained,  from  which  the  alcohol  is  separated  by  distUlatioB.  The 
reaiduaiy  liquid  is  saturated  with  acetic  acid,  when  the  santooin  eryf- 
tallizes.  The  substance  is  easily  soluble  in  water  and  alcohol,  and 
tains  Cg^HieOe.     Santonin  possesses  the  clianictar  of  a  weak  add. 

ASPARAGIN. — ^This  and  the  following  are  azotized  bodies, 
ragin  is  lound  in  the  root  of  the  marsh-mallow,  in  asparagus  sprauta, 
and  in  several  other  plants.  The  mallow-roots  are  chopped  tmall, 
and  macerated  in  the  cold  with  milk  of  lime;  the  filtered  liquid  is 
precipitated  by  carbonate  of  ammonia,  and  the  dear  solatioQ  evapo- 
rated in  a  watex-bath  to  a  syrupy  state.  The  impure  asparagin,  whicji 
separates  after  a  few  days,  is  purified  by  recrystallization.  Aspar^jia 
forms  brilliant,  transparent,  colourless  crystals,  which  have  a  faint, 
cooling  taste,  and  are  freely  soluble  in  water,  especially  when  hot. 
When  dissolved  in  a  sncchaiine  liquid,  which  is  afterwards  made  tn 
ferment,  when  heated  with  water  under  pressure  in  a  close  vessd,  ts 
when  boiled  with  an  acid  or  an  alkali,  it  is  converted  into  ammonia  and 
a  new  acid,  the  aspartic.  Asparagin  contains  CgUsNsO^  and 
acid  CgH^NOs.  The  i-emarkable  relation  in  which  these 
stand  to  malic  acid  has  been  already  noticed  mider  the  head  of  that 
compound  (see  page  572). 

ORGANIC  BASES  OF  ARTIFICIAL  ORIGIN. 

The  constitution  of  the  alkaloids,  which  occur  ready  formed  in  natnre, 
is  not  yet  clearly  understood.  The  fact  that  all  these  substances  con- 
tain nitrogen, — the  alkaline  reaction,  which  the  greater  part  of  them 
exhibits  with  vegetable  colours,  and  especially  their  faculty  of  combin- 
ing with  acids  to  crystallizable  salts,  establi^  an  obvious  relation  be- 
tween the  alkaloids  and  ammonia.  This  has  never  been  doubted,  and 
the  views  of  chemists  have  been  divided  only  as  to  the  nature  of  this 
relation.  At  a  certain  time  Berzelius  assumed  that  all  the  alkaloids 
contained  ammonia  ready  formed,  and  that  their  basic  properties  were 
due  to  this  ammonia.  According  to  this  view  the  foimulae  of  qoinine 
and  morphine  would  be — 

Qoinine  C^o^mNjO,  =  C^fl^^SO^.^B^. 

Morphine  Cj^H^NO.  =C,4H„0^KH,. 

This  view,  in  the  general  form  in  which  it  was  proposed,  is  certainly 
inadmissible.  It  is  supported  by  very  scanty  experimental  evidence, 
and  was  never  universally  adopted.-  There  may  be  some  alkaloids  so 
constituted  as  to,  be  represented  by  the  theory  of  Berzeliua,     There  aie, 


ARTIFICIAL  ORIGIH. 


629 


howerer,  a  great  many,  the  constitatfon  of  whicli  is  obviousl j  diflferenL 
Sereral  of  these  substaiica  hare  been  lately  the  subject  of  extensive 
and  caref  Al  inquiries :  but  these  researches,  although  they  have  esta- 
blished their  fonnulsc,  and  increased  our  knowledge  r^rding  their 
salts,  have  as  yet  elicited  but  few  focts  which  promise  to  aSbiti  a  dearer 
insight  into  the  nature  of  these  bodies 

On  the  other  hand,  the  labours  of  the  last  fifteen  years  have  brought 
to  light  a  very  numerous  group  of  substances  perfectly  analc^us  to  the 
alkaloids  which  are  found  in  plants,  but  produced  by  artificiid  processes 
in  the  laboratory.  These  bodies,  which  aiie  termed  artificial  alkaloids 
or  artificial  organic  bases,  are  mostly  volatile.  Their  constitution  is 
much  simpler  than  that  of  the  native  ba»es.  The  very  processes  which 
give  rise  to  their  formation  often  permit  a  very  dear  insight  into  the 
mode  in  which  the  elements  are  grouped,  and  into  the  relation  existing 
between  these  substances  and  ammonia. 

In  a  former  section  of  this  volume  (page  294),  it  has  been  stated 
that  the  minority  of  chemists  are  inclined  to  assume  in  the  ammoniacal 
salts  the  existence  of  a  compound  metal  ammonium  NH^ 

Chloride  of  ammonium,  KH^Cl 
Sulphate  of  ammonia,     'SHfi^SOg. 

Now»  later  researches  have  shown,  that  in  these  salts,  1,  2,  3,  or  even 
the  4  eq.  of  hydrogen  may  be  replaced  by  compound  radicals,  containing 
▼ariable  propoitions  of  carbon  and  hydrogen,  without  any  change  in 
the  fundamental  properties  of  these  salts.  It  is  evident  that  we  obtain 
in  this  manner,  in  addition  to  the  ammoniacal  salts,  four  new  series  of 
compounds  very  closely  allied  to  the  former.  Let  A  B  C  D  represent 
radicals  capable  of  replacing  hydrogen,  then  the  following  series  of  salts 
may  be  formed: — 

H 

jHi 

H 


Ammonium  salts 


N 


a 


N 


0,S0,. 


First    group    of    com-^ 
pound  ammonium-salts/ 


Second   group    of    com-^ 
pound  ammonium-salts/ 


N 


a. 


N 


0,S0,. 


N 


a 


N 


o,so,. 


Third  *  group    of    com-> 
pound  ammonium-salts/ 


N 


a 


N 


o,so. 
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Fonrth   j^roup   of  com- 
pound ammonium*  salts 


a      N 


o;so, 


It  need  scarcely  be  mentioned  that  it  is  hy  no  means  neoeffiarj  tbat 
the  several  hydrogen-equivalents  in  ammonium  should  be  replaced  by 
different  radicals,  as  assumed  in  tlte  preceding  table.  Sabstanoea  of  tbe 
formulse — 


N 


A 
H 
H 


CI;     Nr?Jci;     N 


A 
A 


CI, 


are  even  more  eatiily  prepared  and  mora  frequently  met  with. 

This  synopsis  shows  that  the  number  of  salts  capable  of  being  derired 
from  the  ordinary  ammoniacal  salts  must  be  very  considerable.  Eren 
now  a  very  extensive  series  has  been  prepared,  althoc^  the  number 
of  radicals  at  our  disposal  at  present  is  still  comparatively  limited. 

It  has  beenjnentioned  that  all  attempts  at  isolating  both  ammonina 
and  its  oxide  nave  hitherto  fiuled  (see  page  294).  On  treating  chloride 
of  ammonium  or  sulphate  of  ammonia  with  mineral  oxide*,  swh  as 
potassa,  lime,  and  baryta,  decomposition  ensues,  chloride  of  potaaaiam 
or  sulphate  of  potassa,  &c.,  is  formed,  and  the  separated  oxide  of  am- 
monium splits  into  ammonia  gas  and  water,  NH40  =  NH^+HO. 

The  compound  ammonium -salts  ara  likewise  decomposed  by  mineral 
oxides.  With  the  firat  three  classes  the  change  is  perfectly  analogoos 
to  that  of  ammoniacal  salts,  the  separated  oxide  is  decomposed  into 
water  and  a  volatile  base,  the  properties  of  which,  according  to  the 
nature  of  the  replacing  raJdicals,  are  mora  or  less  closely  approximated 
to  those  of  ammonia  itself.  We  arrive  in  this  manner  at  three  groapa 
of  organic  bases,  differing  from  one  another  by  the  amount  of  hydro- 
gen which  is  replaced;  they  have  been  distinguished  by  the  terms 
Primary  Monamines  (Amidogen  bases),  Seoonda^  Monamines  (Imido- 
gen  bases),  and  Tertiary  Monamines  (Nitrile  bases). 


N 


fH 
H 
H 


Ammonia. 


N  ]h 
_  JH 

Primary 
Monamines. 


Secondary 
Monamines. 


N  {B 

.   (c 

Tertiary 
Moiuunines. 


The  last  group  of  ammoniacal  salts,  in  which  the  4  eq.  of  hydrogen 
are  replaced  by  radicals,  differ  in  their  deportment  from  the  former 
classes.  These  salt'  are  not  decomposed  by  solution  of  potassa,  but  yield, 
by  appropriate  treatment,  a  series  of  substances  of  a  very  powerfully- 
alkaline  character,  which  are  expressed  by  the  general  formulie : — 
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0,H0, 


and  are  eTidentljaDalogoosio  hydrated  oxide  of  Ammonium;  from  which 
thej  differ,  however,  in  a  remarlcable  manner,  by  their  great  stability. 

These  general  statements  will  beoome  more  intelligible  if  we  elucidate 
them  by  the  description  of  several  individual  substances :  the  limits  of 
this  work  compel  us,  however,  to  confine  ourselves  to  the  more  impor- 
tant members  of  this  already  very  numerous  group,  which  is,  moreover, 
daily  increasing. 

It  may  at  once  be  stated  that  by  far  the  greater  number  of  these 
compounds  are  derived  from  the  alcohols  or  substances  analogous  to 
them  ;  and  that  the  radictds  which  in  the  preceding  sketch  have  been 
designated  by  the  letters  A,  B,  C,  and  D,  are  chiefly  the  hydrocarbons 
previously  described  under  the  names  ethyl,  methyl,  and  amyl, 

BASES  OF  THE  E7HTL-SBBIES. 

ETHYT.AHIKE,  EthyUammonia,  C^H,N  =  N(H,,C^H4)  =  N(H,Ae). 
- — On  digesting  bromide  or  iodide  of  ethyl  (sec  page  457)  with  an  alco- 
holic solution  of  ammonia,  the  alkaline  reaction  of  the  ammonia  gradu- 
ally disappears.  On  evaporating  the  solution  on  the  water-bath,  a 
white  crystalline  mass  is  obtained,  which  consists  chiefly  of  bromide  or 
iodide  of  ethyl-ammonium,  Ael+ NH^  =  N(H3Ae)I.  On  distilling  this 
salt  in  a  retort  provided  with  a  good  condenser,  with  caustic  lime,  the 
etbylamine  is  liberated  and  distils  over. 

N(H,Ae)I+CaO  =  N(H,Ae)+HO+CaI. 

Another  method  of  preparing  this  compound,  and  indeed  the  method 
by  which  this  remarkable  substance  was  first  obtained  by  M.  Wuilz, 
consists  in  submitting  cyanate  of  ethyl  to  the  action  of  hydrate  of  po« 
tassa.  In  describing  cyanic  acid  (see  page  589),  the  interestiug  change 
has  been  mentioned  which  this  substance  undergoes  when  treated  with 
boiling  solution  of  potassa.  In  this  case  cyanic  acid  splits  into  2  eq.  of 
carbonic  acid  and  1  eq.  of  ammonia ;  cyanate  of  ethyl  (see  page  590) 
8u0ers  a  perfectly  analogous  decomposition,  and  instead  of  ammonia  we 
obtain  ethylamine. 

C,NO,HO     +     2(K030)     =    ■2(KO,CO0     +     NH,. 

Hydrated  Ammonia, 

cyanic  acid. 

CjNO,AeO     +     2(K0,H0)     =     2(KO,c6,)  -f     N(H,Ae). 

Cyanate  of  Ethylamine. 

ethyl. 
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Cf  animte  of  eth  jL  nomeric  with  the  cramte,  likewise  faimAa 
ctfajiamiiie.  ^ 

Ethjkmiiie  is  m  Terr  mobOe  liqoid,  of  0-6964  sp.  gr.,  at  46^4^d°r> 
which  Imb  at  66^*2  (19^.  Tbe  ^  gr.  of  the  Tapour  is  I  '57.  it 
has  a  mofrt  powerfully  ammoniacal  odoor,  and  restores  the  Use  eolaar 
to  nddeoed  litmns  paper.  It  prodaces  white  doods  wfth  hjrdrocUarie 
aeid,  and  is  absorbed  by  water  with  great  avidity.  With  the  «Jdi  it 
forms  a  series  of  neotral  crystallixaUe  salts  perfectlj  analogous  to  these 
of  annDOoiiiin. 

This  sabstaooe  imitates,  moreorer,  in  a  remaricaMe  maBiser,  Ac 
deportment  of  ammonia  with  metallic  salts.  It  precipitates  the  salts 
of  magnesia,  alumina,  iron,  manganese,  bismoth,  chrominra,  uraniixBy 
tin,  lead,  and  mercary.  Zinc  salts  yield  a  white  precipitate  which  ii 
solable  in  eicess.  Like  ammonia,  etfaylamine  dnsolres  chlonde  of 
silTer,  and  yields  with  copper  salts  a  blue  precipitate,  which  is  solable 
in  an  excess  of  ethylaroine.  On  adding  ethybnnine  to  oxalie  ctiicTya 
white  precipitate  of  bietkyl-oxamidey  }f^E^Ae^),Cfl^^  is  prodneed :  even 
a  compound  analogous  to  ozamic  add  (see  page  442)  has  been  ob- 
tained. Ethylamioe  may,  however,  be  readily  distinguished  froan 
ammonia :  its  vapour  is  inflammable,  and  it  produces,  with  btdikride 
of  platinum,  a  salt  N(E,Ae)Cl,PtCl^  crystallizing  in  golden  scaler 
which  are  rather  soluble  in  water.  If  ethylamine  be  treated  with 
chlorine,  it  foraishes  chloride  of  eUiyl-aromonium  and  a  ydlow  iiqaid 
of  a  penetrating  odour,  exciting  tears,  which  contains  KCl^Ae.  Thii 
substance  is  bicHiorethyiamine.  When  treated  with  potaasa  it  is  csar 
verted  into  ammonia,  acetate  of  potassa,  and  chloride  of  potassioB, 
KC1^(C,H,H  3K0+ HO  =  K0.C4H,0,+NH,+2KC1. 

UthyktnUne-urea. — On  passing  into  a  solution  of  ethylamine,  the 
vapour  of  hydrated  cyanic  acid,  the  liqnid  becomes  hot,  and  deposit^ 
after  evaporation,  line  crystals  of  ethylamine-urea,  C^H^N+CsNOyHO 
=  C,HgN,0,  =  C,(H„C^Hj)N,Og=  C,(H,Ae)N,0^  This  substance 
may  be  viewed  as  ordinary  urea  (see  page  604),  in  which  1  eq. 
of  hydrogen  is  replaced  by  ethyl,  may  be  prepared  aliio  by  treating 
cyanic  ether  with  ammonia,  C4H40,C,N0+  NH, = Cja^^fi^  Ethy- 
lamine-urea  is  very  soluble  in  water  and  alcohol :  the  concentrated 
aqueous  solution,  unlike  that  of  ordinary  urea,  yields  no  precipitate 
with  nitric  add ;  but  on  gently  evaporating  the  mixture^  a  very  so- 
luble crystalline  nitmte  of  ethylanrine-urea  is  obtained.  Boiled  with 
potaasa,  this  substance  yields  a  mixture  of  equal  equivalents  of  ammonia 
and  ethylamine,  C:,(H,Ae)N,D, -|-2vK0,H0)  =  2(K0,C0,) +XH,-h 
N(H,Ae). 

BiETHTLAUiNE,  Biethyl-ommonia,  C!gH„N= NH,2C^,  =  N(HAeg). 
— A  mixture  of  solution  of  ethylamine  and  bromide  of  ethyl,  heated  in 
a  sealed  tube  for  several  hours,  solidifies  to  a  crystalline  mass  of  bromide 
of  biethyl-ammonium,  ^(HjAe) + AeBr  =  K (H2Ae,)Br.  The  bromide, 
when  distilled  with  potassa,  furnishes  a  colourless  liquid,  stfll  very 
alkaline,  and  soluble  in  water,  but  less  so  than  ethylamine.     This 
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eomponxid  boib  at  135^-5  {57^'5C),  It  forms  beautifulIy-crTstal- 
liaable  salts  with  acids.  A  solatioQ  of  chloride  of  biethyl-ammonium 
fkarniahes,  wiili  bichloride  of  platinum,  a  very  soluble  double  salt, 
^^(H^Ae^ClyPtCI^  crystallizing  in  orange-red  grains,  very  different 
finran  the  orange-yellow  leaves  of  the  corresponding  ethyl*ammonium- 


Biethylamine'-vrea, — Biethylamibe  behaves  with  cyanic  acid  like 

imonia  and  ethylamine,  giving  rise  to  biethylamine-miea.  A  sub« 
stance  similar  to  bat  not  identical  with  the  former,  has  been  produced 
by  the  action  of  cyanic  ether  upon  ethylamine,  Qfl.fi,Q^O'\'Qfi^^  = 
CioH^NA  =  C^H,,2CjH»)N,0, = C,(H, Ae,)N,0^  The  bietliylamine- 
ureas  are  verj  crystallizable,  and  readily  form  a  crystalline  nitrate. 
Soiled  with  potassa,  tiie  biethylamine-ureas  yield,  the  former,  1  eq.  of 
biethylamine  and  1  equi v.  of  ammonia,  C^H,Ae,)  N30,+2(KO,HO;s 
2(K6,C0,)+N(HAe2)+NH,,  the  latter  pure  etbyiamine,  C^HsAe,) 
K,0,  +  2(KO,HO)  =  2(KO,CO,)+2[N(H,Ae)]. 

TRiETurLAMiNE,  li^thyi-ammoniay  C^fi^^S  =  'SS(Cfi^=zSAeg, 
— The  formation  of  this  body  is  perfectly  analogous  to  those  of  ethyl- 
amine and  biethylamine.  On  heating  for  a  short  time  a  mixture  of 
biethylamine  with  bromide  of  ethyl  in  a  sealed  glass  tube,  a  beautiful 
fibrous  mass  of  bromide  of  triethyUammoniom  is  obtained,  from 
irhich  the  triethylamine  is  separated  by  potassa.  TriethyUmine  is  a 
ooIourlesB,  powerfully-alkaline  liquid,  boiling  at  195^*8  (91^0).  The 
salts  of  this  base  crystaUize  remarkably  well.  With  bichloride  of 
platinum  it  forms  a  very  soluble  double  salt,  N(HAe,)Cl,PtCl2,  which 
crystallizes  in  magnificent  lai^  orange-red  rhombs. 

The  action  of  iodide  or  bromide  of  ethyl  on  ammonia  gives  rise  to  the 
simultaneous  formation  of  the  three  ethylated  bases,  which,  though  con- 
siderably difiering  in  their  boiling-pomts,  can  scarcely  be  separated  by 
fraction^  distillation.  The  separation  succeeds,  however,  by  digesting 
the  mixture  of  these  three  bases  with  anhydrous  oxalic  ether.  £thyl> 
amine  is  thus  converted  into  diethylozamide  Cfl^{AeJl^^y — ^fi^, 
2AeO+2AeHjN  =  C404Ae,H^N,+2(AeO,HO).  Diethylamine  forms 
diethyloxamate  of  ethyl,  C4Ae,N04,AeO.—C40^2AeO+Ae,HN  =C4Aej 
NOa,AeO+AeO,HO,  while  triethylamine  does  not  combine  with  oxalic 
etbor.    The  separation  is  carried  out  in  the  following  manner : — 

The  product  of  the  reaction  of  oxalate  of  ethyl  upon  the  mixture  of 
ethyl  bases  is  distilled  in  the  water-bath,  when  pure  triethylamine 
passes  over.  On  treating  the  residue  with  boiling  water  diethyl- 
ozamide is  dissolved,  while  diethyloxamate  of  ethyl  remains  as  an  in- 
soluble layer  floating  upon  the  hot  solution:  it  may  be  separated 
by  a  tap-funnel.  By  the  action  of  potassa  upon  diethylozamide  pure 
ethylamine  is  obtained,  while  pure  diethylamine  is  furnished  by  treat- 
ing diethyloxamate  of  ethyl  with  the  same  reagent. 

Hydrated  Oxide  </  Tetrethyl-ammonium,  Ci^^^O^  =  'S{CJR^)^ 
O JIO  =  N Ae^OjHO. — When  anhydrous  triethylamine  is  mixed  with 
dry-  iodide  of  ethyl,  a  powerful  I'eaction  ensues,  the  mixture  enters 
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into  ebullition,  and  soUdiBeB  on  cooling  to  a  white  crTstalliOfe 
of  iodide  of  tetrethyl-ammonium,    NAe,+Ae[  =  NAe4l.      The  nev 
iodide  is  readily  soluble  in  hot  water,  from  which  it  crystalliaes  oB 
cooling  in  beautiful  crystals  of  considerable  size.    This  Mibstaooe  ii 
not  decomposed  by  potassa:    it  may  be  boiled  with  the  aJkali  fixr 
hours  without  yielding  a  trace  of  volatile  base.      The  iodine  maj* 
however,  be  readily  removed  by  t]*ea(ing  the  solution  with  ailver-^alts. 
If  in  this  case  sulphate  or  nitrate  of  silver  be  employed,  we  obtain, 
together  with  iodide  of  silver,  the  sulphate  or  nitrate  of  oxide  of 
tetrethy]-«mmonium,  which  crystalUae  on  evaporation :  on  the  other 
hand,  if  the  iodide  be  treated  with  ireshly-precipitated  protoxide  of 
silver,  the  oxide  of  tetrethyl^ammonium  itself  is  separated.       Ob 
filtering  off  the  silver-precipitate,  a  clear  colourless  liquid  ts  obtaiDed, 
which  contains  the  isolated  base  in  solution.     It  is  of  a  strongly-aikaiiiie 
reaction,  and  has  an  intensely  bitter  taste.    Solution   of  oxide  ef 
tetrethyl-ammonium  has  a  remarkable  analogy  to  potaasa  and  soda. 
Like  these  substances,  it  destroys  the  epidermis  and  saponifies  &ttj 
substances  with  the  formation  of  true  soaps.     With  the  salts  of  the 
metals,  this  substance  exhibits  exactly  the  same  reactions  as  potassa. 
On  evaporating  a  solution  of  the  base  in  vacuo,  long  slender  nellies  are 
deposited,  which  are  evidently  the  hydrate  of  the  base,  with  an  adi& 
tional  amount  of  water  of  crystallization.      After  some  time  these 
needles  disappear  again,  and  a  semi-solid  mass  is  left,  which  is  the 
hydrate  of  oxide  of  tetrethyl-ammonium.    A  concentrated  solutioD  of 
this  substance  in  water  may  be  boiled  without  decomposition,  but  on. 
heating  the  dry  substance,  it  is  decomposed  into  pure  trJethylaminB, 
water,  and  defiant  gas : . 

NAe40,H0=  2HO+NAe,+C4H4. 

Oxide  of  tetrethyl-ammonium  forms  neutral  salts  with  the  adds. 
They  are  mostly  very  soluble ;  several  yield  beautiful  crystals.  The 
platinum-salt,  NAe4Ci,PtCl2,  forms  oiimge-yellow  octahedra,  whidi 
are  of  about  the  same  solubility  as  the  cori^esponding  bichloride  of 
platinum  and  potassium. 

Oxide  of  tetrethyl-ammonium  is  obviously  perfectly  analc^us  to 
the  hitherto  hypothetical  oxide  of  ammonium.  It  is  a  compound  of 
remarkable  stability,  the  existence  and  properties  of  which  must  be 
regarded  as  powerful  supports  of  the  ammonium-theory. 

BASES  OF  THE  XBTHTL-BERIBS. 

Meth  YLAMINE,  Methyl-(mvmimxa,  Qfifi = N(HyC^,)  =•  N(H:^e). 
— The  formaticK)  and  the  method  of  preparing  this  compound  from 
the  cyanate  pf  methyl  are  perfectly  analogous  to  those  of  ethylamine 
(see  pHge  631) :  however,  methylamine  being  a  gas  at  the  common 
temperature,  it  is  necessary  to  cool  the  receiver  by  a  freezing  mixture. 
The  distillate,  which  is  an   aqueous   solution  of  methylamine^   is 


ABTIFICIAL  OBIGIN.  635 

satumted  with  hydrochloric  acid,  and  evaporated  to  dryness.  The 
crystalline  residue,  which  is  the  chloride  of  methyl-ammonium,  when 
distilled  with  dry  lime,  yields  methylamine  gas,  which,  like  ammonia 
gaSy  has  to  be  collected  over  mercury.  It  is  distinguished  from  am- 
monia by  a  slightly  fishy  odour,  and  by  the  facility  with  which  it 
bums.  Methylamine  is  liquefied  at  about  0°(— 17 'SC):  its  sp.gr. 
is  1*08.  This  substance  is  the  most  soluble  of  all  gases ;  at  53^*6 
(12%)  1  volume  of  water  absorbs  1040  volumes  of  gas.  It  is  like- 
wise very  readily  absorbed  by  chnrcoal.  In  its  chemical  deportment 
with  acids  and  other  substances,  methylamine  resembles  in  every  respect 
ammonia  and  ethylamine.  Methylamine  appears  to  be  produced  in  a 
^pr^t  number  of  processes  of  destructive  distillation:  it  has  been  formed 
by  distilling  several  of  the  natural  organic  bases,  such  as  codeine,  mor- 
pliine,  caffeine^  and  several  others,  with  caustic  potassa ;  frequently 
a  mijctare  of  several  bases  is  produced  in  this  manner. 

Among  the  numerous  derivatives  alitady  obtained  with  this  sub- 
stance, methylamine-urea,  C2(H,Me)N,02,  and  bimethylcrniine-ureOf 
C,(  H,Mej)NjO^  and  even  a  metkyl^tkylamine-weaf  CjCHjMeAe) 
tifi^  may  be  quoted.  The  latter  substance  has  been  produced  by 
the  action  of  cyanate  of  ethyl  upon  methylamine.  Even  a  series  of 
plntinum-bases,  analogous  to  those  produced  by  the  action  of  ammonia 
upon  protochloride  of  platinum  (see  page  399),  has  been  obtained 
with  methylamine. 

BiMETHYL AMINE,  C^H.N  =  N(H,2CgH,)  =  N(HMe,')  is  prepared 
by  the  action  of  ammonia  on  iodide  of  methyl.  \\&  separation  from  the 
methylamin  and  trimethylamine  simultaneously  formed  is  accomplished 
by  means  of  oxalic  ether  (see  page  633). 

Trimethylamine,  Trimethyl-ammonia,  CflH^N=N(CjH,),= 
NMe,. — This  substance  is  readily  obtained,  in  a  state  of  perfect  purity, 
by  submitting  oxide  of  tetramethyl -ammonium  (see  the  following  com- 
pound) to  the  action  of  heat.  It  is  gaseous  at  the  common  tempera- 
tare,  but  liquefies  at  about  48^*2  (9°C)  to  a  mobile  fluid  of  very 
powerfnUy-alkaline  reaction.  Trimethylamine  produces  with  acids  very 
soluble  aUts.  The  platinum-salt,  N  (HMe,)Ci,PtCl2,  is  likewise  very 
soluble  and  crystallizes  in  splendid  orange-red  octahedra.  According 
to  Mr.  Winkles  large  quantities  of  trimethylamine  are  found  in  the 
liquor  in  which  salt  herrings  ai*e  preserved. 

HyDRATED  OXIDE  OP  TETRAMETHYL-AMMONIUM,   CgH,,NO,  =  N 

(CH,)40,H0=NMe^0,H0.— The  corresponding  iodide  may  be  ob- 
tained by  adding  iodide  of  methyl  to  the  preceding  compound.  Both 
substuices  unite  with  a  sort  of  explosion.  The  same  iodide  is  prepared, 
howerer,  with  less  difficulty,  simply  by  digesting  iodide  of  methyl 
with  an  alcoholic  solution  of  a  rnionia.  In  this  reaction  a  mixture 
of  the  iodides  of  ammonium,  methyl-ammonium,  bimethyl-ammoniumy 
trimethyl-ammonium,  and  tetramethyl-ammonium  is  produced.  The 
fint  and  last  compound  are  formed  in  largest  quantity,  and  may  be 
separated   by  crystallization,  the  iodide    of  tetramethyl-ammoniuni 
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being  rather  difficultly  solnble  in  water.  From  tlie  iodide  the 
itself  is  separated  bj  means  of  protoxide  of  silver.  The  properties  aie 
similar  to  those  of  the  corresponding  ethyl-compound.  it  dii&n, 
however,  from  oxide  of  tetrethyl-ammonium  in  its  beharioor  wbm 
heated  (see  pi^  634),  yielding,  as  it  does,  trimethylamtne,  awl  pncc 
methyi-alcohol,  NMe40,HO=NMe,+MeO,HO. 

BASES  OF  THE   AMTL^ERIES. 

The  formation  of  these  bodies  being  perfectly  analogons  to  tiutt  of 
the  corresponding  terms  in  the  ethyl-series,  we  refer  to  the  nuve 
copious  statement  given  in  page  631,  and  confine  ourselves  to  a  btkt 
description  of  their  principal  properties. 

Amtlamine,  Amyl-ammorUatCifi^^^  =  N(H,C,,H|,)  =  N(H,Ayl), 
is  a  colourless  liquid  of  a  peculiar  penetrating  aromatic  odour^  sightly 
soluble  in  water,  to  which  it  imparts  a  strongly-allcaliQe  leartioD. 
With  the  acids  it  forms  crystalline  salts,  which  have  a  iktty  iastre. 
Amylamine  boils  at  199*^-4  (93°C). 

An  atnylamine'Urea  has  been  prepared. 

BiAMTLAMiNE,  Btomyl-ammonia^  C^H^N  =  NH(Cj^„\  = 
N(HAyl,),  an  aromatic  liquid,  less  soluble  in  wato*,  and  less  a»fct^t«w 
than  amylamine.     It  boils  at  about  338''  (170^. 

Triamylamtke,  Tnamyl-ammonia,C^„}i = N3CC^^,i)  =  XAylp 
a  colourless  liquid,  of  pronei^ties  similar  to  those  of  the  two  preoeds^ 
bases,  bat  boiling  at  494''-6  (257°C).  The  salts  of  triamylamine  m 
Tery  insoluble  in  water,  and  fuse,  when  heated,  to  coloarleas  liqink^ 
floating  upon  watM*. 

Hydrated  oxide  op  tetramyl- ammonium,  CJB[45N0,=N(C„ 
H|,)40,H0  =  NAyl^0,H0.— This  substance  is  far  less  soluble  than  the 
corresponding  bases  of  the  methyl-  and  ethyl-series.  On  adding  po' 
tassa  to  the  aqueous  solution,  the  compound  separates  as  an  oSlj  Isjer. 
On  evaporating  the  solution  in  an  atmosphere  free  from  carbcoiic 
the  alkali  may  be  obtidned  in  splendid  crystals  of  considerable 
When  submitted  to  distillation  it  splits  into  water,  triamylamine, 
amylene.  NAyl40,HO  =  2HO-i-NAyl,+C|oHi^ 

In  addition  to  the  bases  already  enumerated,  the  following  hare 
been  obtained  by  analogous  processes,  viz. :  treatment  of  the  IfHiides 
of  the  con^esponding  alcohol  radicals  with  ammonia,  propyUmiae 
C  fig's,  capryhunine  CigH^N,  oenanthylamine  Ci4H|rK,  caprylamiBe 
Ci^Hj^N,  and  pelaj^lamine  Ci,H,,N. 

BASES  Off  THE  PHENYL4EBIES. 

Aniline,  phmyhmine,  C^jS  =  NCH^CuH.)  =  N(H,PyL>— 
Under  the  head  of  salicylic  acid  a  volatile  crj^ftaliine  aubstuioei,  hy- 
drated oxide  of  phenyl,  has  been  noticed.  Tins  substance,  of  vfaidi 
a  fuller  description  is  given  further  on,  imitates  to  a  certain  extent 
the  deportment  of  an  alcohol,  but  several  very  charactoiatic  transfor- 
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mations  of  the  alcohols,  and  especially  the  oonvenion  iato  the  coire- 
spondiag  acid,  have  not  as  yet  been  realized.  The  organic  base,  how- 
ever, which  is  derived  from  this  alcohol  in  the  same  manner  as 
xnethylamine,  ethylamine,  and  amylamine,  are  derived  from  methyl-, 
ethyl*,  and  amyl-alcohol,  is  known  as  aniline^  a  name  given  to  it  on 
aeccmnt  of  its  relation  to  the  indigo-series.  On  heatinj;  phenyl-alcohol 
-vrith  ammonia  in  sealed  tubes,  aniline  is  produced,  PylO,HO+^H,3= 
2H0+N(H2Pyl).  This  process,  however,  although  interesting  as 
establishing  clearly  the  relation  of  aniline  and  phenyl-alcohol,  is  not 
oalculated  to  yield  large  quantities  of  &is  substance.  Aniline  is  in- 
irariably  obtained  either  fi-om  indigo  or  from  nitrobenzol. 

Powdered  indigo  boiled  with  a  highly-concentrated  solation  of  hy- 
drate of  potassa  dissolves  with  evolution  of  hydrogen  gas  to  a 
brownish-red  liquid  containing  a  peculiar  acid,  called  the  anthraniHo 
acid.  If  this  matter  be  transferred  to  a  retort  and  still  further  heated, 
it  swells  up  and  disengages  aniline,  which  condenses  in  the  form  of  oily 
drops  in  the  neck  of  Uie  retort  and  in  the  receiver,  i^eparated  from 
the  ammoniacal  water  by  which  it  is  accompanied,  and  redistilled, 
it  is  obtained  nearly  colourless.  The  formation  of  aniline  from  ind^ 
is  represented  by  the  following  equation : — 

C„H,NO,  +  4(K030)  +  2H0  =  C,^,N  +  4(K0,C0,)  +  4H. 

Indigo.  Aniline. 

In  order  to  prepare  aniline  from  nitrobenzol  (see  page  546),  this 
rabstance  is  submitted  to  a  process  discovered  by  Zioin,  which  has 

grorved  a  very  abundant  source  of  artificial  organic  bases.  An  aloo- 
olic  soluton  of  nitrobenzol  is  treated  with  ammonia  and  sulphuretted 
hydrogen,  until  after  some  hours  a  precipitate  of  sulphur  takes  place. 
The  brown  liquid  is  now  saturated  again  with  sulphuietted  hydrogen, 
and  the  process  repeated  until  sulphur  is  no  longer  separated.  The 
reaction  may  be  remarkably  accelerated  by  occasionally  heating  or 
distilling  the  mixture.  The  liquid  is  then  mized  with  excess  of  acid, 
iilteied,  boiled  to  expel  alcohol  and  unaltered  nitrobenzol,  and  then  dis- 
tilled with  excess  of  caustic  potassa.  The  transformation  of  nitro- 
heozol  into  aniline  is  represented  by  the  equation : — 

C„H,NO^  +  6HS  =  CJH7N  +  4H0  -j-  6S. 

Kitiobenzol.  Aniline. 

If  the  aniline  be  required  quite  pure,  it  must  be  converted  into 
oxalate^  the  salt  several  times  crystallized  from  alcohol,  and  again  de- 
composed by  hydrate  of  potassa. 

M.  B^ham^M  has  lately  shown  that  the  reduction  of  nitrobenzol  may 
he  effected  even  more  conveniently  by  the  action  of  acetate  of  protoxide 
of  iron.  The  distillation  of  one  part  of  nitrobenzol,  one  part  of 
acetic  acid,  and  one  and  a  half  part  of  iron  filings,  seems,  in  fact,  to 
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be  the  best  prooes  fer  preparing  muline.*    Tbe  mmm  Tk^cntlj  ■velii 
np,  and  rery  capaciocis  retorts  are  reqairei. 

Aniline  exists  auMng  the  prodocts  of  the  distfllatum  oT  eoal,  ad 
probably  of  other  oi^gsnic  matten  :  it  is  formed  in  the  distiliatian  of 
anthranilic  add,  and  oocasionailj  in  other  leactioifes. 

When  pore,  aniline  forms  a  thin,  oilj,  cokrurleflB  liqaid,  of  fiunt 
vinoQs  odoor,  and  aromatic,  burning  taste.     It  is  ▼erj-  voialile,  b«tf 
has,  nererthelos,  a  high  boiUng-point,  359°>6  (182^).     In  the  air  it 
gmdoally  becomes  jellow  or  brown,  and  acquires  a  resinous  oooail- 
enoe.      Its  density  is  1*028.     Water  dissolves  aniline  to  n  oertak 
extent,  and  also  forms  with  it  a  kind  of  hydrate :  aloobol  aind  cdier 
an  miscible  with  it  in  all  proportions.     It  b  destitute  of  «'^*'«^ 
reaction  to  test-paper,  hot  is  quite  remaikable  for  the  nomber  and 
beauty  of  the  crystallizable  compounds  it  forms  with  acida.      Twv 
extraordinary  reactions  characterize  this  body  and  distinguisli  it  Itob 
all  others,  viz.,  that  with  chromic  acid,  and  that  with  solution  of  hy- 
pochlorite  of  lime.     The  former  gives  with  aniline  a  deep-greenish  or 
blnish-bbck  precipitate,  and  the  latter  an  extremely  be»utifiil  violel- 
coloured  compound,  the  Bne  tint  of  which  is,  however,  very  soon  de^ 
stroyed.     When  nitrous  acid  is  passed  into  aniline,  or  whoi  h  vdrochlo- 
rate  of  aniline  is  treated  with  nitrate  of  silver,  water  and  frfkenylic  alcohel 
are  produced,  nitrogen  being  evolved,      C„H,N-4-N0,  =  C,^,0,-r 
HO  'i-2'S.  On  the  other  hand,  when  nitrous  acid  is  passed  through  mn  alov 
holic  solution  of  aniline,  2  eq.  of  aniline  are  linked  together,  3  eq.  of  the 
hydrogen  being  replaced  by  1  eq.  of  nitrogen.     Azodiphenyldiamine,  the 
8ubt<tance  thus  produced,  contains  C^H,|  N, :  the  following  equation  re> 
presents   its  formation,   2C,^7N  +  NO,  =  C„H„N,+3HO.     By  the 
treatment  of  azodiphenyldiamine  with  nitruas  add  the  same  change  ii 
repeated  once  more,  three  additional  eq.  of  hydrogen  being  again  re- 
placed by  one  of  nitrogen,  when  a  new  substance,  C^H,N\,  is  fomed 
according  to   the  equation  C,^H„N,+  N0,  =  C,4H,N\+3HO.      This 
body  is  remarkable  for  the  violence  with  which,  like  fulminate  of  ailver, 
it  exploJes.     M.  P.  Grieas,  who  di^>oovpred  these  substances,  has 
ceed«l  in  obtaining  similar  compounds  from  several  others  of  the 
derivatives  of  aniline. 

JParaniline, — In  the  manufacture  of  aniline  upon  a  large  scale, 
several  bases  having  much  higher  boiling-points  than  aniline  are 
formed ;  among  them  there  is  a  beautifully  crystalline  compound  of 
the  composition  C24Hi4N2=2C|2H7N,  which  is  isomeric  with  *»iiHn^ 
and  to  which  the  name  paraniline  has  been  given.  It  forais  two 
series  of  salts,  of  which  the  hydrochlorates  may  be  quoted  as  ex- 
amples. Monadd  hydrochlorate,  C^^Hj^Ng^ICl.  Biadd  hydrochio- 
rate,  Cj,H„Nj,2HCl. 

Substitution-products  of   aniline. — Under  the  head  of  indigo,   a 

*  According  to  Scheurer-Kestner,  the  treatment  of  nitrobenzol  wttb  a  -vtrj 
largo  quantity  of  iron  filings  and  acetic  acid  reproduces  benzol  and  ammftnfa, 


ABTinCIAL  ORIOIK.  639 

product  of  oxidation  of  this  substance  will  be  noticed,  to  which  the 
name  isatin  has  been  given.  When  isatin  is  distilled  with  an  ex- 
ceedingly concentrated  solution  of  caustic  potassa,  it  is,  like  indigo, 
resolved  into  aniline,  carbonic  acid,  and  free  hydrogen.  In  like 
manner,  when  chlorisatin  or  bicMorisaUnf  two  chloro-substitutes  of 
Isatin,  are  similarly  treated,  they  yield  products  analogous  to  aniline, 
bat  containing  one  or  two  equivalents  of  chlorine  respectively  in  the 
place  of  hydrogen.  The  chhraniline,  Ci2(H||Cl)N,  and  bichioranilme 
Ci,(H^CI,)N,  thus  produced,  cannot,  however,  be  obtained  by  the 
direct  action  of  chlorine  upon  aniline,  thus  differing  from  ^ordinary 
subbtitution-coropounds ;  but  aniline  may  be  reproduced  from  them  by 
the  same  reagent,  which  is  capable  of  rannverting  chloracetic  acid 
into  ordinary  acetic  acid,  namely,  an  amalgam  of  potassium  (see 
page  488).  They  are  the  first  cases  on  record  of  organic  bases  con- 
taining chlorine. 

Chloraniline  forms  large,  colourless  octahedra,  having  exactly  the 
odour  and  taste  of  aniline,  very  volatile,  and  easily  fusible :  it  distils 
without  decomposition  at  a  high  temperature,  and  bums,  when  strongly 
heat«d,  with  a  red  snooky  flame  with  greenish  border.  It  is  heavier 
than  water,  indifferent  to  vegetable  colours,  and,  except  in  being  solid 
at  common  temperatures,  resembles  aniline  in  the  closest  manner.  It 
forms  numerous  and  beautiful  crystallizable  salts.  If  aniline  be  treated 
nvith  chlurine  gas,  the  action  goes  further,  tricMoranilme,  Ci^^Bifil^^f 
being  produced,  a  volatile  ciystalline  body  which  has  no  longer  any 
basic  properties.  The  corresponding  bromine-compounds  have  also 
been  formed  and  described. 

NitranUine, — If  niti-obenzol  be  heated  with  fuming  nitric  acid,  qr. 
still  better,  with  a  mixture  of  that  acid  and  oil  oi  vitriol,  it  is  con- 
verted into  a  substance  called  binitrobenzol,  containing  CijH^NjO^, 
or  nitrobenzol  in  which  an  additional  equivalent  of  hydiogen  is 
replaced  by  the  elements  of  hyponitric  acid.  When  this  is  dissolved 
in  alcohol,  and  subjected  to  the  reducing  action  of  sulphide  of  am- 
monium in  Zinin*s  process,  it  furnishes  a  new  substimce  of  basic  pro- 
perties, nitraniline,  having  the  constitution  of  a  hyponitiic  acid  sub- 
stitution-product of  ordinary  aniline.  The  attempts  to  prepare  it 
direct  from  aniline  by  means  of  nitric  acid  were  unsuccessful,  the 
principal  product  being  usually  carbazotic  acid.  Nitraniline  forms 
yellow,  acicular  crystals,  but  little  soluble  in  cold  water,  although 
easily  dissolved  by  alcohol  and  ether.  When  waimed  it  exhales  an 
aromatic  odour,  and  melts.  At  a  higher  temperature  it  distils  un- 
changed. By  very  gentle  heat  it  may  be  sublimed  without  fusion.  It 
is  heavier  than  water,  does  not  affect  test-paper,  and  like  chlor-  and 
brom-aiiiilue  fails  to  give  with  hypochlorite  of  lime  the  characteristic 
reaction  of  the  normal  compound.  Nitraniline  forms  crystallizable 
salts,  of  which  the  hydrochi orate  is  the  best  known.  This  substance 
contains  the  elements  of  aniline  with  an  equivalent  of  hydrogen  re- 
placed by  hyponitric  acid,  or  CijH,N,04=Ci^H,N04)N. 
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Blphenylamine  is  not  known.  A  substance  possenng  the  c(mi|MMi- 
tion  of  t^phenylamine,  Cj^jgN,  bat  probablj  not  connected  witb  the 
phenyl  series,  is  formed  by  submitting  to  destructlTe  distillfttian  the 
compound  of  cinnamic  aldehyde  with  sulphite  of  ammonia  togetlier  wilfc 
an  excess  of  lime. 

CyaniUne  is  formed  by  the  action  of  cyanogen  upon  aniline :  it  is  i 
cr3rstalline  substance  capable  of  combining  with  adds  like  aniline,  but 
Tery  prone  to  deooDiposition,  Cyaniline  contains  Cj4ll7N,=C|sH7NOf. 
Hence  it  is  formed  by  the  direct  union  of  1  eq.  of  cyanogien  and  1  eq.  of 
aniline. 

The  constitution  of  the  substitution-products  of  aniline  is  readily 
intelligible :  it  is  evident  that  these  substances  owe  their  oiigia 
to  a  double  sobstitution,  namely,  first,  of  1  equivalent  of  bydnigeB 
in  ammonia  by  phenyl ;  and,  secondly,  of  one  or  several  equivalents  of 
hydrogen  in  phenyl  by  chlorine,  bromine,  &c.  The  arrangement  of 
the  elements  may  be  conveniently  iUustiated  by  the  ibUowing  for- 
mulae:— 

Ammonia KH, 

Aniline KH^C,^,. 

Chloraniline  ....  NH^Ci^H^a) 

Bromaniline      ....  NH^C|,(H4Br) 

Bibromaniline      ....  NH,,C|j(H,Br,) 

Tribromaniline .        •        •        .  NH^C„(H,Br,} 

Nitraniline NH^C„(H,NO^). 

The  constitution  of  cyaniline  is  more  complicated. 

Melaniline, — ^The  action  of  dry  chloride  of  cyanc^^en  upon  anhy- 
drous aniline  gives  rise  to  the  formation  of  a  resinous  aubstaooe, 
which  is  the  hydrocblorate  of  a  very  pecull&r  basic  substance  to 
which  the  name  tnekmiiine  has  been  given.  Dissolved  in  water  and 
mixed  with  potassa,  the  above  salt  furnishes  melaniline  in  the  form  of 
an  oil,  which  rapidly  solidifies  to  a  beautiful  crystalline  mass.  Mela- 
nilioe  contains  C^H^N,.  The  following  equation  represents  its  Sot- 
mation : — 

2C,^,N  +  CjNCl  =  C„H„N,a 

Melaniline,  when  treated  with  chlorine,  bromine,  iodine,  or  nitrie 
add,  yields  basic  substitution-products,  in  which  invariably  2  eq.  of 
hydrogen  are  replaced.     It  combines  with  2  eq.  of  cyanogen. 

Phenyl-meUmUine, — Aniline,  when  exposed  to  the  action  of  bt- 
chloride  of  carbon  at  a  temperature  of  302°  (150^0)  solidiBes  into  a 
resinous  mass,  consisting  of  a  mixture  of  the  faydrochlorates  of  roaani- 
line  (see  page  672),  and  of  several  other  bases,  from  which,  by  appro- 
priate treatment,  a  beautiful  basic  compound  may  be  extracted,  con- 
taining CuHjyN,.    The  formation  of  this  body,  which  in  its  properties 
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closely  resembles  melaniline,  may  be  represented  by  the  equa- 
tion— 

It  may  be  viewed  as  melaniline,  in  which  1  eq.  of  hydrogen  is  replaced 
by  phenyL 

^thytene-aniline  and  Diethylene-anUine. — Aniline,  when  submitted 
to  the  acti<m  of  bromide  of  ethylene,  C^H^Br,,  fiolidlBes  to  a  crystal- 
line  mass,  from  which  potassa  separates  two  crystalline  bases,  which 
are  solable  in  alcohol  and  in  ether,  bat  insoluble' in  water.  If  a  large 
quantity  of  bromide  of  ethylene  be  nuMle  to  act  upon  a  oomparatiyeTy 
vmall  quantity  of  aniline,  the  '  new  salt  contains  ethylene-aniline, 
CmHmN^  2C,AN+C  ABr,  =  C„H„Nj,2HBr.  On  the  other  hand, 
if  the  aniline  be  employed  in  excess,  hydrobromate  of  di^ylene-aniline, 
€S,2H|,N^2HBr  is  formed,  together  with  hydrobromate  of  aniline, 
4C„H,N + 2C,H4Br,  =  C„H„N^2HBr + 2(C„H,N  ,HBr). 

.Fbrmykaulme, — A  mixture  of  aniline  and  chloroform  exposed  in 
tubes  to  a  temperature  of  356^  (180°C)  solidifies  to  a  crystalline 
s,  consisting  of  hydrochlorate  of  aniline,  and  the  hydrochlonite  of  a 
crystalline  base,  containing  GmHjjN^ 

4C,^7N  +  C^Cl,  =  2(CuHyN,Ha)  +  C^„N„HCL 

By  washing  with  cold  water  the  hydrochlorate  of  aniline  is  removed, 
and  the  re&nei  when  treated  with  potassa,  furnishes  the  base  in  a  state 
of  purity.     It  is  insoluble  in  water,  soluble  in  alcohol  and  in  ether. 

Melaniline,  phenylmelaniline,  ethyleueaniline,  and  formyUniline  may 
be  derired  from  a  double  molecule  of  ammonia,  N^^  in  which  the 
hydrogen  b  more  or  less  replaced  by  radicals.  In  melaniline  and 
j^eoyTmelaniline,  3  and  4  eq.  of  hydrogen  of  ammonia  are  replaced  by 
cyanogen,  and  respectively  2  or  3  eq.  of  phenyl ;  in  ethylene-aniline 
the  6  eq.  of  hydrogen  are  replaced  by  2  eq.  of  phenyl  and  2  eq.  of 
ethylene,  the  biatomic  character  of  which  has  been  already  pointed  out 
under  the  head  of  glycol.  In  formylaniline,  lastly,  we  have  2  eq.  of 
hydixwen  replaced  by  phenyl,  and  3  equivalents  by  the  triatomic  radical 
formyl.  The  bases  derived  from  2  molecules  of  ammonia  have  been 
designated  by  the  term  diamines.  The  constitution  of  the  four  bases 
last  deacribed  may  be  thus  stated: 


Diammonia    .        .        .    N,  { H, 


Melaniline    . 
Cyanbiphenyldiamine 


Phenylmelaniline   .        .  \^ 
Cyantriphenyldiamine    .  /   * 


H, 
C,N 

2t 
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Ethylene-aniline    .        •  Iv  Jrr*  Ih^ 


Ethylene  biphenyldiamine  j    *  J  ^     h 

Biethylene-aniline        .      \^  KC4H4)", 
Biethylene-bipbenyldiainme /    *\ (C|  1^5)1 

Formylaniline    ,        .       l-KrJ^f*wv 
Fonnylbiphenyldiamine      J  ^  « 1  ^^»«g»>» 


Jnil^-cofiipoundls  correaponding  to  the  amides  and  amUogeti^aciiit 
^^— In  describiDg  the  ammonia-salts  of  varions  adds,  atteotioe  has 
been  repeatedly  called  to  the  power  possessed  by  many  of  them  to  yield 
■ereral  new  groups  of  oompounds  by  the  loss  of  a  certein  amoozit  of 
water  Tsee  page  442).  These  groups  are  perhaps  best  eloctdaied 
by  the  deriyatiTes  of  oialic  add. 

2NH40,C40,  -     4H0     =  Cfi^,TSiJl^: 

Neutral  oxalate  of  Oxamide. 

ammonia, 

NH^CHOAOg         -     2H0     =  CAKOyHO 

BmoxiUate  of  ammonia.  Oxamic  add. 

2NH40,C40,  -     8H0     =  2CJJ. 

Keutral  oxalate  of  Oxalonitrile  or 

ammonia.  cyanogen. 

The  terms  corresponding  to  oxamide  and  oxamic  add  have  also  becm 
obtained  in  the  aniline-series:  they  are  produced  by  the  distiUatkn  of 
neutral  and  acid  oxalate  of  aniline,  and  have  been  called  oaponsliefo  etA 
oxanilic  acid, 

Oxanilide         =  C„H„N,04  =  CANfH,(Pyl)^ 

OxaniKcacid   =  C,eH,NO,     =  Cfi{Pjl)^0^;aO. 

Compounds  analogous  to  the  nitriles  bare  not  been  obtained  in  the 
aniline-series,  and  the  reason  is  intelligible  if  we  glanoe  at  the  fbnnnla 
of  oxalate  of  aniline,  2N(H,Pyl)0,C40,.  It  is  obrious  that  8  eq.  of 
water  cannot  be  eliminated  from  this  salt  without  touching  the  hydrogeo 
of  the  phenyl,  »'.  e.  without  destroying  the  compound  idtogether.  A 
great  many  anilides  and  anilic  acids  have  been  formed. 

Aniline-urea. — On  passing  the  Tapdur  of  cyanic  add  into  aniline^ 
the  substance  becomes  hot,  and  solidifies  on  cooling  to  a  cmtaDiDe 
mass,  containing  Ci4H0NgO2=Cs(H,Pyl)N2O|.  This  is  the  com* 
position  of  aniline-Urea. 

Bases  homologous  wth  AniUne, 

In  a  former  section  of  this  Manual  (page  555),  a  series  of  hydro- 
carbons have  been  mentioned,  which  are  homologoos  with  benzol.   £Kdi 
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of  these  robttancee,  when  treated  with  fuming  nitric  aoid,  jieldi  t 
aitro-sabstitute  correeponding  to  nitrobenxol,  which,  under  the  inflaence 
of  sulphuretted  hydrogen,  is  converted  into  a  basic  compound  homolo- 
gous with  aniline.    We  thus  obtain  the  following  group: — 

Benzol,  C^Hj  H  Nitrobenzol,  C„H,  NO4  Anilme,     N(H^C,^4  ) 

Toluol,  C14H,  H  Nitrotoluol,  C^H,  NO4  Toluidine,  N(H^C„H,  ) 

Xylol,    C„H,H  Nitroxylol,  C„H,  NO4  Xylidine,    N(H^Ci  A ) 

Cujnol,  C„HuH  Nitrocumol,  C„H„N04  Cumidine,  N(H„CJH„) 

Cynaol,  C^H„H  Nitrocymol,  C,^H„N04  Cymidine,  N(H^C  JS,  J. 

ToLUiDiNB,  C,4H,N  =  N(H^Ci4Hy)  =  N(H4Tyl).— This  is  prepared 
exactly  like  aniline. 

-  Toluidine  forms  colourless  platy  crystals,  yery  sparingly  soluble  in 
-water,  but  easily  in  alcohol,  ether,  and  oils :  it  is  heavier  than  water, 
bas  an  aromatic  taste  and  odour,  and  a  very  feebly-alkaline  reaction. 
At  104<^  (40°C),  it  melts,  and  at  388"^  (197'^8C),  boils  and  distils  un- 
chained :  it  forms  a  series  of  beautiful  crystaUizable  salts. 

Xyhdike,C,,H,jN  =  N(H4,Cj«Hg)  =  NCH^yl).— Of  this  compound 
little  more  than  its  existence  is  known. 

CtJMiDiNE,  C,bHjsN=N(H^C,8H,i)  =  N(H,Cu1).— This  substance 
is  an  oil  which  boils  at  437°  (225^0).  It  forms  magnificent  salto 
with  the  acids. 

Cymidine,  CyH„N  =  N(H„C^„)  =  N(H,Cyl).  —  Oily  base, 
similar  to  the  preceding  ones,  but  less  stable,  and  more  readily 
ooddizable.  It  boils  at  about  482°  (250*^).  Cymidine  is  less  easily 
prepared  than  the  homologues  previously  described,  owing  to  the 
.powerful  action  of  concenbtited  nitric  acid  upon  cymol,  which  furnishes 
generally  toluylic  and  nitrotoluylic  acids  (p.  554),  instead  of  the  nitro- 
cymol,  CS|o(Hi,N04).  But  Mr.  Barlow  has  lately  shown  that  the 
latter  compound  may  be  readily  obtained  by  exposing  both  acid  and 
hydrocarbon,  previous  to  being  mixed,  to  a  frigorific  mixture.  The 
product  of  ihe  action  of  nitric  add  yields  on  addition  of  water  nitro* 
ojmol,  which  may  be  converted  into  cymidine  by  means  of  iron  filings 
abd  acetic  add. 

The  following  base  is  likewise  closely  allied  to  the  giroup  of  aniline 
bases,  both  by  tiieir  mode  of  formation  and  by  their  constitution. 

Naphthtlamine,  CBoH,N  =  N(Hj,C2jaT)  =  N(H,Nyl).— This  sub, 
stance  is  interesting,  as  being  one  of  the  first  of  its  kind  produced  by 
Zinin's  process. 

It  is  obtained  by  the  action  of  sulphide  of  ammonium  upon  an 
alcoholic  solution  of  nitroncqyhihalinf  one  of  the  numerous  products  of 
the  action  of  nitric  add  upon  the  hydrocarbon  naphthaHn,  which  will 
be  noticed  in  a  subsequent  section  of  the  Manual.  When  pure  it  forms 
colourless  silky  needles,  fusible,  and  volatile  without  decomposition.  It 
has  a  powerful,  not  disagreeable  odour  and  burning  taste,  is  nearly  in^^ 
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Bolable  in  wster,  but  resdily  diaaolyes  in  alcohol  and  ether:  die  nln- 
tion  has  no  alkaline  reaction.  Naphth jlamine  fbnna  nomeroaf  07*- 
tallinble  aaltt. 

MIXBD  BASES. 

In  one  of  the  preceding  paragraphs  it  has  been  mentlaned  that  the 
several  hydrogen-equivalenta  in  ammonium  may  be  rq>laoed  by  d^eretd 
hjdrocarbon-radicals.  In  fifuit,  on  treating  aniline  or  tolmdine  widi 
bromide,  or  iodide  of  ethyl,  aa  described  under  the  head  of  cthylaiiiiDi^ 
the  following  series  of  compounds  are  obtained : — 

Aniline  N(H,Pyl)  Toluidine  N(H,Tfl) 

EthyUmiUne         K(HPylAe)         Ethylotoluidine    N(HTylAe) 
Biethylaniline       N(PylAe,)  Biethylotoluidine  N(TyIAe^ 

Ammonium-base  N(PylA^,HO  Ammonium-base  N(T9lAe,)0^O. 

ETHTLAifiLlKE  (ethylphenylamine)  and  BTi:THTLAim:<nf B  (bietiiyl- 
phenylamine)  are  liquids  greatly  resembling  aniline.  They  boil 
lespectirely  at  399^-2  (204^C)  and  416°-5  (21S°-5C).  The  ammo- 
nium-base, to  which  the  name  Oxide  of  tnethylpherufi-<afnmOHiuai  msj 
be  girm,  ie  soluble  in  water,  with  a  powerful  alkaline  reaction,  corre- 
sponding in  its  general  properties  to  oxide  of  tetrethyl-«mm<Miiam  (aee 
page  633).  The  series  of  bases  which  may  be  obtained  by  changing 
the  radicals  is  almost  without  limit ;  even  now  a  oonsidmble  Tmrietf 
has  been  produced,  of  which,  however,  only  a  few  will  be  mentiaiDed 
here,  as  remarkable  for  the  divernty  of  the  materials  with  whidi  they 
are  constructed. 

HtDBATED  oxide  of  TRIETHTL-AlCrL-Alf MONIUM,  C^fi^jSQ^  = 
N(3C^H„C,oHn)0,HO=N(Ae,Ayl)0,HO.  Triethylamine  (aee  pa^ 
638),  when  boiled  with  iodide  of  amyl,  is  slowly  oonyerted  into  a 
ciystalline  mass  of  iodide  of  THethylamyl'-tmunonium,  The  base 
liberated  with  protoxide  of  silver  and  submitted  to  distillatioQ  yieUs 
water,  olefiant  gas,  and 

BiETHYLAUYLAiiiME,  C^JBugyV  =  N(2C^H4,C,.H„)  =  N(Ae,Ayl), 
a  Uquid  boiling  at  309°*2  ( 1 54°C).  This  compound  is  most  powerfully 
attacked  by  ic^de  of  methyl.  Both  substances  immediat^y  aolidi^ 
to  a  beautifully-crystalline  iodide,  firom  which  protoxide  of  silver  sq»- 
rates, 

HTDRATBD    OXIDE     OF    METHYL  -  BIETHTL  -  AMTL  -  AMMOlflini; 

C^H„NO, = NrC^3,2C,Hj,C,^i,)0,HO  =  N  (MeAe,Ayl)0  JiO.  Thfa 
substance,  which  is  a  powerfuUy-alkaliDe  base,  soluUe  in  water,  whea 
distilled  undergoes  the  same  decomposition  as  the  other  members  of 
the  fourth  group  of  bases,  yielding  water,  olefiant  gas,  and 

Methtl-ethtl-aiitl. AMINE,  or  ammonia,  in  which  1  «q.  of 
hydrogen  is  replaced  by  methyl,  another  by  ethyl,  and  a  third  by  amyl, 
C,AtN  =  N(CA,C4H50,pH„)  =  N(MeAeAyl).  This  is  a  basic 
oil  Ota  peculiar  aromatic  odour,  boiling  at  275^  (135^^  and  forming 
cxystalliiable  salts  with  the  adds. 
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Ethtl-aittl-anilisb,  G^iN  =  N  (C^fig,CflsfC^fi^{)  =  N 
(PylAeAjl).  EthylaDiline  treated  with  iodide  of  amyl  yields  the 
iodide  of  the  above  base,  which  is  separated  by  distillation  with  po- 
tasaa.  It  is  an  ai'omatic  oil,  boiling  at  bOdf^'Q  (262%).  The  action 
of  iodide  of  methyl  upon  this  tubstance  gives  rise  to  a  new  iodide,  irom 
'which  protoxide  of  silver  separates 

Hydrateo  oxide  of  methyl-ethyl-amyl-phentl-ammoniuu, 
CyaaNO,  =  N((yi„CA,C,ja„,C,A)0,HO  =  N(MeAeAylFyl) 
O»H0,  This  compound  is  very  soluble  in  water,  is  powerfully  alkik- 
line,  and  of  an  extremely  bitter  taste.  The  composition,  established 
Ijj  the  examination  of  a  platinum-salt,  is  certainly  remarkable,  for 
this  compound  contains  the  radicals  of  not  less  than  four  different 
alcohols. 

FOLTATOMIO  BASES. 

Recent  researches  have  pointed  out  the  existence  of  a  series  of  dia- 
tomic bases,  or  diamines,  which  are  derived  from  the  diatomic  alcohols 
in  exactly  tiie  same  manner  in  which  the  monatomic  bases  or  mona- 
mines,  are  related  to  the  monoatomic  alcohols.  These  substances, 
the  examination  of  which  is  fiir  from  being  complete,  are  formed  by 
the  action  of  the  chlorides,  bromides,  and  iodides  of  the  diatomic  al- 
cohol radicals  on  ammonia. 

Ethtlene-diauine  Ain>  dibthtlene-diamine. — The  action  of 
ammonia  upon  bibromide  of  ethylene  is  very  complex ;  but  among  the 
products  of  the  reaction  there  are  invariably  present  the  hydrobro- 
mates  of  two  bases,  which  are  derived  from  two  molecules  of  ammonia, 
ethylene-diamine,  C4H,N2=N2(C4H4)"H4,  an  oily  liquid  boiling  at 
242*''6  (117**C),  and  diethylene-diamine,  CgHi^N,  =  NjrC^H^jH,,  a 
crystalline  solid,  boiling  at  a  high  temperature.  The  formation  of 
these  bodies,  which  saturate  two  equivalents  of  add,  may  be  repre- 
sented by  the  following  equations : 

2NH,+  (C,H4)"Br,=[N,(CA)PI.]"Br,and 
4NH,-1.2(C4H4)"Br,=[N,CC4H4)3y"Br,-1.2NB(4Br. 

Distillation  with  potassa  sepai-ates  from  these  salts  the  bases,  bromide 
of  potassium  being  formed  at  the  same  time. 

By  the  action  of  iodide  of  ethyl  upon  ethylenediamine  and  diethylene- 
diamine  two  series  of  ethylated  derivatives  have  been  obtained.  We 
can  here  give  only  the  names  and  formula  of  the  iodides : 

Bases  derioed  from,  Mhylene^iamine, 

Iodide  of  ethylene-diammonium  .  [NA(^«H4)'7'^ 

Iodide  of  diethyl-ethylene-diammonium  [N^4(C4U«)'\C4H5)J"I, 

Iodide  of  tetrethyl-ethylene-diammoninm  [NgHsCC^H^y'CC^Hs)^"], 

Iodide  of  pentethyl-ethylene-diammonium  [NaH(C4H4)"(C4H5)J"l, 

Iodide  of  hexethyl-ethylen»diammonium  Ufi^Cfi;)"{Cfi^)t]% 
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Bcuea  derived  fr(mi  Diethyien^dtkanme, 

iodide  of  diethjleDe-diammomam  [Vfi^{Cfl^)"J\ 

Iodide  of  diethylHliethylene^iiaiDinoQiam  [NtH/C«Q«)"/C«H,)J*I, 
Iodide  of  trietlTl-diethylene-diflminoiiiiim  [^fi{Cfi^Y2cfi^^J% 
Iodide  of  tetrethyl-diethjleiie-diammoiiiiim  l^JjCfi^y'/C^B^"!^ 

DiETU  y  LBHE-TRIAXINE  AHD  TBIBTHTLEHE-TRIAlflSrB. — HoR 
reoentlj  two  other  beees  haye  been  separated  fnm  the  prodact  of  the 
action  of  bibromide  of  ethylene  upon  ammonia.  Theae  compomA^ 
diethylene-triamine  (Cfi^)jB.gSf  and  triethylene-triamine  are  Uiaiuaa- 
nias,  t.  e.  bases  derived  from  thiee  eq.  of  ammonia.  The  fonnatiaB  of 
these  bodies,  which  saturate  three  eq.  of  add,  may  be  xcpreaented  by 
the  following  equation : 

4NH,+2(CAy'Br,=rN,(CA),"HJ"Br,+  NH^Br. 
6NH,+3(C4^,)"Br,=[N,^C4H4),"HJ•"B^,+3NH4B^. 

Phentleke-diaxine,  C,ANy  This  base  is  fonned  hr  treaiiag 
dinitrobensol  with  acetic  acid  and  iron  filings,  C,2^4'^N04)s+12H= 
8H0+C|sHflK|,  like  phenylamine  (aniline),  from  mononitrobennL 
Freshly  distilled,  phenylene-diamine  presents  itself  as  a  slightly-coloarBd, 
heavy  oil,  which,  like  phenylamine,  has  a  toidency  to  assame  a  brown 
colouration  on  exposure  to  the  atmosphere.  The  hose  gradually 
solidifies  into  a  mass  of  crystals,  whidi  become  hard  and  white  by 
washing  with  ether.  The  fusing-point  of  phenylene-diamine  ia  14^4 
(63%),  the  boiling-point  near  536°  (280^0) ;  it  distils  withoat  alteim- 
tion.  This  substance  is  very  soluble  in  water  and  alooboly  leea  so- 
luble in  ether.  It  combines  with  2  eq.  of  add  to  well-cr7stall]aed« 
rather  soluble  salts. 

The  distillation  of  dinitrotoluol  and  dinitrocumol  with  aoetio  add 
and  iron  filings  produces  the  corresponding  bases  toluylene-diamin^ 
^lAo^s*  and  cumylene-diamine,  Cj^uN^  whidi  in  tfadr  propertisB 
and  chemical  deportment  bear  a  great  resemblance  ^  pbenjleae* 
diamine. 

JCBTHTLATED  AND  ETHTLATED  DERIVATIVES  OF  NATUBAL  SA8BB. 

Many  of  the  natural  bases,  when  submitted  to  the  action  of  iodide 
of  methyl  or 'ethyl,  are  capable  of  absorbing  a  smaller  or  grealer 
number  of  equiYolents  of  methyl  and  ethyl.  There  can  be  no 
doubt  that  the  natural  alkaloids,  like  the  artifidal  bases,  ore  sob- 
stitution-products  of  ammonia,  and  the  deportment  of  these  sabstanoea 
with  the  aloohol-iodides,  permits  us  to  ascertain  with  great  predaioD 
the  degree  of  substitution.  If  a  natural  alkaloid,  when  sabmitted  to 
the  action  of  iodide  of  ethyl,  be  found  to  require  for  couTeraion  into 
a  base  of  the  formula — 


3AflB8  OBTAINED  BT  DESTBUOTIVB  DIBTILLATIOK.     €47 


N/?  0^0. 


either  1,  or  2,  or  3  equivalents  of  eth^l,  we  may  infer  that  the  alkaloid 
in  question  belongs  to  the  class  of  bases  represented  hj  the  formnlse — 

(A  (A  (A 

K{  B  N{  B    or     K{H 

|c  |h  |h 

t. «.,  that  it  is  a  tertiarj,  a  secondary,  or  a  primary  monamine.  All 
Datoral  alkaloids  which  have  been  examined,  with  the  exception  of 
oonine,  are  tertiary  bases. 

Morphine. — An  alcoholic  solution  of  morphine,  when  heated  in 
sealed  tubes  with  iodide  of  methyl,  famishes  a  crystalline  compound, 
CMHsN0J=CM(H,9,C^,)N0aI.  This  substance  yields,  with  oxide 
otsihrer,  a  very  alkaline  solution,  obviously  containing  an  ammonium- 
base.  Morphine  is  therefore  a  tertiary  amine-base;  O^^fi^  repre- 
senting one  or  several  radicals,  which  are  together  capable  of  replacing 
3  equivalents  of  hydrogen. 

OOdeine. — With  iodide  of  ethyl  codeine  forms  a  crystalline  iodide, 
CjBM^^t^=^ae(^>^4H«)N0«I,  furnishing  with  oxide  of  silver  a 
solttbie  base.  Codeine  being  considered  as  a  tertiary  monamine, 
CmH^iO,  represents  3  equivalents  of  hydrogen. 
.  CuiCHOiONE  and  quinine  yield  with  iodide  of  methyl  compounds 
represented  respectively  by  the  formuls  C^(fi^,C^^)iifiJi  and 
C^CB^,Cfi^)lSfiJf  which  by  oxide  of  silver  are  converted  into  80« 
Jiuble  bases  of  the  ionrth  class. 

.  Stbtohnine  forms  with  iodide  of  ethyl  a  crystalline  compound, 
C^/B^tCfi^a^^J*  yielding  with  oxide  of  silver  a  soluble  base. 

Nicotine.— A  mixture  of  this  base  with  iodide  of  methyl  or 
ethyl  solidifies  after  a  short  time  to  crystalline  masses,  containing 
C J^u(C A)^N^  and  C^i4!iCfii)^^JL^  convertible  by  oxide  of  silver 
into  soluble  bases. 

^  Conine  is  a  secondary  monamine.  Treated  with  iodide  of  ethyl,  this 
base  yields  successively  two  iodine-compounds,  namely,  CJ^H^^,CJ3.^ 
KI  and  C,e[Hi4(C4H5)2]NI.  The  latter  furnishes  with  oxide  of  silver 
a  soluble  base. 

bases  obtained  by  destbuotiye  distillation. 

'  In  addition  to  the  artificial  bases  which  have  just  been  described, 
aeyeral  others  have  been  formed  Sy  processes  less  simple  and  less  cal- 
culated to  aflbrd  a  clear  insight  into  their  constitution.  The  destruc- 
tive distillation  of  nitrogenous  substances  has  fumisl*.^  a  rich  haiTest 
of  similar  substances.  A  few  of  the  most  interesting  may  be  briefly 
mentioned. 
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Chinolike  (Leuoolike)  CjgH^N.— Qainine,  dndianiiie^  sfaryck- 
nine,  and  probably  other  bodies  of  thiit  class,  when  distiUed  vidi  a 
▼ery  (wncentrated  solution  of  potassa,  yield  an  oily  prodact  resembUi^ 
aniline  in  many  respects,  and  possessing  strong  basic  powers :  H  ii, 
however,  less  Yolatile  than  that  substance,  and  boils  at  455^  (33^). 
When  pure  it  is  colourless  and  has  a  fiunt  odour  of  bitter  almoodi. 
Its  density  is  1*081.  It  is  slightly  soluble  in  water,  and  misdUe  in 
all  proportions  with  alcohol,  ether,  and  essential  oils.  Chinoline  ftms 
salts  with  adds,  which,  generally  speaking,  do  not  GXTstallixe  voy 
freely.  Chinoline  is  a  tertiary  monamine  (page  646).  When  digested 
with  jodide  of  ethyl  it  yields  iodide  of  etliylchinoline  Cgfi^^il  = 
Cifififl^}ih  Treatment  of  this  iodide  with  oxide  of  silver  Uberaftts 
the  base  C^Hj^NOjHO,  whidi  exhibits  all  the  characters  of  the  amiDO- 
nhim  base,  being  powerfully  alkaline,  easily  soluble  in  water,  and  not 
yolatile.  Mr.  Greyille  Williams  has  shown  that  the  baaic  oil  obtained 
by  distilling  dnchonine  contains  in  addition  to  diinoUne  two  other 
bases  of  very  similar  properties,  to  which  the  names  lepidme  and 
eryptidme  have  been  given.     Lepidine  contains  CmH^N,  cryptidiDe 

CgHiiN* 

Bases  from  Coal4ar  Oil, 

Etanol  and  leukol. — The  volatile  basic  bodies  described  onder 
these  names  have  been  identified,  the  first  with  aniline  and  the  seooni 
with  chinoline.  They  are  separated  from  the  coal-tar  oil  by  agitating 
laige  quantities  of  that  liquid  with  hydrochloric  or  diluted  anlphiirie 
add,  and  then  distilling  the  acid  liquid  with  excess  of  potassa  or  lime. 
They  are  readily  sepai-ated  by  distillation. 

PicOLiNE,  Ci^H^N. — Dr.  Anderson  has  described  mider  the  fbie* 
going  name  a  thii-d  volatile,  oily  base,  which  is  present  io  certsiB 
varieties  of  coal-tar  naphtha,  being  there  assodated  with  anilioe,  ehino- 
line,  and  several  other  volatile  substances  but  imperfectly  miderstood. 
It  is  separated  without  difficulty  from  the  two  bases  mentioned  by  die- 
tillation,  in  virtue  of  its  superior  volatility.  Piooline,  when  pme^  is 
a  ooloorless,  transparent,  limpid  liquid,  of  powerfiil  and  persisteDt 
odour,  and  acrid,  bitter  taste.  It  is  unaffected  by  a  cold  of  0° 
(— 17°'7C).  It  is  extremely  volatile,  evaporates  rapidly  in  the  air, 
and  does  not  become  brown  like  aniline  when  kept  in  an  ill-«topped 
bottle.  Picoline  has  a  sp.  gr.  of  0  *  955,  and  boils  at  272^  (133°-dC). 
It  mixes  in  all  propoi-tions  with  pure  water,  but  is  insoluble  in  caostio 
potassa  and  most  saline  solutions.  The  alkalinity  of  this  substanoe  is 
exceedingly  well  marked  :  it  restores  the  blue  colour  of  reddened  litmus^ 
and  forms  a  series  of  crystallizable  salts.  This  substance,  as  seen  fixxn 
the  above  formula,  is  isomeric  with  aniline,  but  numerous  charac- 
teristic reactions  completely  distinguish  it  from  this  body. 
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Bases  from  Animal  OU. 

The  oily  liquid  obtained  by  the  distillation  of  bones  and  animal 
matter  generally,  frequently  designated  by  the  term  Dippel's  oil,  oon- 
tains  several  Totatile  organic  bases.  Together  with  some  of  the  snb- 
stanoes  already  described,  such  as  methylamine,  ethylamine,  picoline, 
and  aniline.  Dr.  Anderson  has  found  in  ic  several  peculiar  bases. 

PETININB,  CsHiiN. — The  properties  of  this  substance  are  very 
analogous  to  those  of  biethyl&mine  and  triethylamine.  It  has  the 
same  composition  as  biethylamine,  but  differs  from  it  by  its  higher 
boiling-point,  which  is  lib''  (79'' -50),  that  of  biethylamine  being 
131^  (55°C)  (see  page  632).  Some  chemists  are  inclined  to  explain 
this  difference  by  assuming  that  petinine  is  an  ammonia-base,  con- 
taining the  radical  butyl^  which  was  mentioned  under  the  head  of  valeric 
acid  (see  page  524) :  in  one  word,  that  it  is  butylanUne,  I^^JA^S^fi^, 
homologous  with  ethylamine.  This  assumption  may  be  correct,  but  is 
not  as  yet  supported  by  any  experimental  evidence.  The  true  buty- 
lamine  has  lately  been  obtained  by  M.  Wurtz  from  butyl^lcohol  (page 
518),  in  the  same  manner  as  ethylamine  is  obtained  from  common 
alcohol  (page  631). 

Ptridike,  CjqH^N. — It  much  resembles  picoline,  and  is  obtained 
by  repeatedly  rectifying  tiie  bases  of  Dippel's  oil,  which  distil  at  239^ 
(llS'fc). 

LcTiDiNE,  C14H0N. — Oily  babe  contained  in  the  portion  which - 
distils  at  309°  (154°C). 

Ck)LLiDiN£,  C},H,  I N. —Oily  base  very  similar  to  the  preceding  ones. 
Boiling-point  354*  (179**C). 

To  the  same  series  also  bdongs  an  oily  base,  lately  isolated  by 
If.  Williams  from  the  basic  products  of  the  distillation  of  Dorsetshire 
shale,  and  described  by  him  under  the  name  otparvoiine,  Parvoline  is 
said  to  contain  Ci^HigN. 

It  will  be  observed  that  these  bases,  the  constituent  radicals  of  which 
are  not  yet  clearly  made  out,  are  isomeric  with  the  bases  homologous 
with  aniline. 


? 

c,ja.N 

Pyridine. 

Aniline 

C»H,N 

Picoline. 

Toluidine 

C„H,N 

Lutidine. 

Xyhdine 

CjjHuN 

ColUdine. 

Onroidine 

C„H„N 

Pftrvoline 

Cymidine 

C»H„N 

? 

The  first  term  of  the  aniline-series,  and  the  last  of  the  pyridine- 
series  are  unknown.  The  bases  of  the  aniline-aeries  are  primal^,  those 
of  the  pyridine-series  tertiary  monamines. 

Ptrrol,  CgH^N. — This  substance  was  first  observed  by  Runge 
in  coal-tar;  aiiemards  Dr.  Anderson  obtained  it  from  animal  oil.    It 
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bas  the  properties  of  a  yery  weak  base,  the  oompouDda  of  wliidi  vitii 
acids  are  destroyed  by  boiling  with  water.  To  prepare  prrrol,  the 
bases  of  animal  oil  are  dissolvid  in  sulphuric  add ;  the  aolatioiiy  wfaea 
submitted  to  protracted  ebullition,  retains  the  stronger  hiws,  aUotrin; 
the  pyrrol  to  pass  over.  The  distillate  is  heated  with  solid  hydrate  of 
potassa,  when  the  pyrrol  combines  slowly  with  the  alkali,  admiiBd 
impurities  being  Tol&tilized.  By  dissolving  the  potassa-oompouiHi  m 
water,  the  pyrrol  separates  as  an  oily  liquid,  floating  on  the  aoiftce  cf 
the  eolation.  Pyrrol  is  colourless,  insoluble  in  water  mod  alkslii* 
slowly  soluble  in  adds :  it  has  an  ethereal  odourt  naemblinf^  that  of 
chloroform,  having  a  sp.  gr.  =1*077,  and  boiling  at  27 1'^' 4  (1331^ 
Pyrrol  is  easily  reoogniz^  by  the  purple  oobur  which  it  imparts  ta 
fir-wood,  moistened  with  hydrochloric  add. 

By  heating  an  acid  solution  of  pyrrol,  a  red,  flaky  sabstanoe*  pjml> 
red,  is  produced,  containing  C^^Hi^K^O^  the  formation  of  which  is 
represented  by  the  following  equation:  3CAN+2HO=€^i«N/^ 
+NH,. 

Basei  obtained  hy  the  ocison  of  Ammonia  i^ion  VokOile  Oib. 

FuBFUBiNE. — ^When  sulphuric  add  diluted  with  an  equal  bulk  of 
water  is  carefully  mixed  with  twice  its  weight  of  wheat4iran«  and  the 
adhesive  pssty  mass  obtained  exposed  in  a  proper  vessel  to  the  actaoa 
of  a  current  of  steam,  which  is  afterwards  condensed  by  a  worn  or 
refrigerator,  a  liquid  is  obtained  which  holds  in  solution  a  peculiar 
volatile  oil,  to  which  the  ienn  fwftirole  has  been  given.  By  redistilla* 
tion  several  times  repeated,  the  first  half  of  the  liquid  only  being  eel- 
lected,  the  furfurole  can  be  extrscted  from  the  water,  and  thai  by 
dtstillation  alone  obtained  in  a  state  of  purity.  It  has  a  pole-yeUow 
colour,  and  a  fragrant  odour  like  that  of  oil  of  cassia:  its  specific 
gravity  U  1  •  165,  and  it  boils  at  325""  (162°- 8C),  disUUing  unchanged. 
It  dissolves  in  all  proportions  in  alcohol  and  to  a  Yerj  oonsideraUe 
extent  in  water,  and  is  readily  destroyed  by  strong  adds  and  caustic 
alkalis,  especially  when  aided  by  heat.  Furfurole  oontaina  C^JSifi^ 
The  spedfic  gravity  of  its  vapour  is  3*493.  Furfurol  may  be  coa- 
verted  into  pyromucate  of  silver  (see  page  444)  by  treating  its  aqueoos 
solution  with  oxide  of  silver. 

C,oH,0,+3AgO = C,  AO.AgO+2Ag+HO. 

The  production  of  furfurole  is  very  greatly  increased,  and  the  operatkn 
much  facilitated,  by  previously  depriving  the  bran  of  all  starch,  glntin, 
and  soluble  matter,  by  steeping  it  in  cold  dilute  solution  of  caustic 
potassa,  and  washing  and  drying  by  gentle  heat  or  in  the  sun.  Mace- 
ration in  cold  water  for  some  time  answers  the  same  puipoee,  owii^  to 
the  lactic  add  formed  in  tint  case. 

In  contact  with  solution  of  ammonia,  furfurole  becomes  converted 
in  the  space  of  a  few  hours  into  a  yellowish-iyhite,  crystalline^  inscdnUe 
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BxAt^xbiXj  fwrfwrolanvidef  CJSL^J&fi^ :  this  body  is  slowly  decomposed 
in  contact  with  water,  and  instantly  by  an  acid  into  ammonia  and 
forfurole.  It  may  be  crystallised  from  alcohol,  however,  in  which  it 
difiSolTes  withoat  much  change.  When  boiled  with  a  somewhat  dilate 
solution  of  caostic  potassa,  no  ammonia  is  disengaged ;  but  the  sub- 
stance is  slowly  dissolved  if  the  quantity  of  liquid  be  oonsiderable,  and 
the  solution  deposits  on  cooling  small,  while,  silky  needles,  of  a  sub- 
stance having  the  same  composition  as  fiirfnrolamide  itself.  There  is . 
DO  other  product.  This  new  body,  to  which  the  name  fxarfurme  has 
been  given,  is  a  powerful  organic  base,  forming  with  acids  a  series  of 
beaatifttl  crystaliizable  salts,  and  decomposing  at  a  boiling  heat  the 
saline  compounds  of  ammonia.  Furfuxine  is  very  sparingly  soluble  in 
oold  water,  but  dissolves  in  about  135  parts  at  212<>  (100°C). 
Alcohol  and  ether  dissolve  it  freely:  the  solutions  have  a  strongly 
alkaline  reaction.  It  melts  below  the  boiling-point  of  water,  and  when 
strongly  heated  inflames  and  bums  with  a  red  and  smoky  light,  leaving 
but  little  charcoal.  Its  salts  are  intensely  bitter.  Furfurine  contains 
in  1  equivalent  CJl^^fi^* 

FUCUBINB. — ^By  treating  several  varieties  of  fucus  with  sulphuric 
acid  in  exactly  the  same  manner  as  in  the  prepai-ation  of  furfurole.  Dr. 
Stenhouse  obtained  a  series  of  substances,  which  he  designates  by  the 
terms  fucutolt  facusamide,  and  fucusme*  They  have  exactly  the  some 
Oomposition  as  the  corresponding  terms  in  the  furfurol-series,  and  also 
most  of  their  properties,  but  differ  in  some  details. 

AHABINE  (benzoline).  —  The  hydrobenxamide  of  Laurent^ 
CfiHjiNj,  produced  by  the  action  of  ammonia  on  pure  bitter-almond 
oil  (see  page  543),  when  long  boiled  with  a  solution  of  caustic  potassa, 
soffers  the  same  kind  of  change  as  furfurolamide,  becoming  entirely 
converted  into  a  new  body  isomeric  with  hydrobenzamide,  having  the 
characters  of  a  salt  base,  and  to  which  the  preceding  name  has  been 
given.  Precipitated  by  ammonia  from  a  cold  solution  of  the  hydro- 
chlorate  or  sulphate,  amarine  separates  in  white  curdy  masses,  which  ■ 
when  washed  and  dried  become  greatly  reduced  in  volume.  In  this 
fctate  it  is  singularly  electric  by  friction  with  a  spatnla.  It  is  insoluble 
in  water,  but  dissolves  abundantly  in  alcohol:  the  solution  is  highly 
alkaline  to  test-paper,  and  if  si^dently  concentrated  deposits  the 
amarine  on  standing  in  the  form  of  small,  colourless,  prismatic  crystals. 
Below  212°  (lOOTI)  it  melts,  and  on  cooling  assumes  a  glassy  or 
resinous  condition.  Strongly  heated  in  a  retort  it  decomposes  with 
production  of  ammonia,  and  a  volatile  oil  not  yet  examined,  and  a  new 
body,  pyrobmzoline  or  lophine,  Cf^Hi^N,  (?),  which  appears  to  be  a 
feebly  basic  substance,  insoluble  in  water,  soluble  in  boiling  alcohol. 
It  is  fusible  by  moderate  heat,  and  on  cooling  becomes  a  mass  of. 
colourlesB  radiating  needles  or  plates.     The  salts  of  amarine  are  mostly 

•  This  remarkable  sabstance,  the  nearest  approadi  to  the  native  alkaloids  yet 
made,  was  discovered  by  the  author  of  this  ManuaL— Eos. 
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sparingly  soluble;  the  snlphate,  nitrtte,  and  hydrodilorate  are 
talliable  and  very  definite.     Amarine  contains  C|sH,,N^ 

Thiosinamine.'— The  vobtile  oil  distilled  from  black 
C  A^^  which  has  been  already  mentioned  under  the  head  of  the  aUyK 
series,  and  which  will  again  be  noticed  further  on,  when  left  in  coBtact 
with  solution  of  ammonia,  yields  a  compound  having  the  rhanicters  cf  an 
organic  base,  and  forming  colourless,  prismatic  crystals,  hitter  in  taste 
and  soluble  in  water.  The  solution  does  not  afieet  teat-paper.  It 
melts  when  heated,  but  cannot  be  sublimed.  Adds  oomUne  with  h. 
but  form  no  crystidlizaUe  salts :  the  double  salts  of  the  hydrocUenli 
with  bichloride  of  platinum  and  oorrosiye  sublimate  are  the  mm 
definite.  This  substance  contains  sulphur :  its  fbnnola  is  C^H^N^ 
It  is  the  only  product  of  the  action  of  ammonia  on  the  oil. 

Thiosinamine  is  decomposed  by  metallic  oxides,  as  protoside  of  lead, 
with  production  of  a  metallic  sulphide  and  a  new  body  of  basic  pi»- 
perties,  free  from  sulphur,  called  smandne.  This  latter  milelMMi 
crystalliaes  very  slowly  from  a  concentrated  aqueous  solotaoik  m 
brilliant,  colourless  crystals  which  contain  water.  It  has  a  poweifully- 
bitter  taste,  is  strongly  alkaline  to  test-paper,  and  deoompoMs  amiw- 
niacal  aalts  by  boiling.  With  the  exception  of  the  oxalate,  it  fonas 
no  crystallixable  salts.  Sinamine  contains  in  the  crTstaUized  state 
C,H,N^HO. 

When  mustard-oil  is  treated  with  protoxide  of  lead  or  hsvyta,  ^ 
whole  of  the  sulphur  is  withdrawn,  and  carbonic  acid  and  another 
basic  substance  produced,  which,  when  pure,  crystallizes  in  ooloaxkas 
plates,  soluble  in  water  and  in  alcohol ;  the  solution  has  a  distinctly  al- 
kaline reaction.   SmapoHne,  the  body  so  formed,  contains  Cj^Hi^X^O, 

Bases  from  Aldehyde, 

Thialdike. — ^The  crystalline  compound  of  aldehyde  with  ainw^^if^a 
(see  page  479)  is  dissolved  in  from  12  to  1 6  parts  of  water,  mixed  witk 
a  few  drops  of  caustic  ammonia,  and  then  the  whole  subjected  to  a  feebit 
stream  of  sulphuretted  hydrogen.  After  a  time  the  liquid  beoooMi 
turbid,  and  deposits  a  white  crystalline  substance,  whidi  is  the  body 
in  question.  It  is  separated,  washed,  dissolved  in  ether,  and  the  sotn- 
tion  mixed  with  alcohol  and  left  to  evaporate  spontaneously,  bj  whiek 
means  the  base  is  obtained  in  large,  regular,  rhombic  crystals,  havi^ 
the  figure  of  those  of  gypsum.  The  crystals  are  heavier  tlMVi 
water,  transparent  and  colourless.  They  refract  light  strongly.  TIm 
substance  has  a  somewhat  aromatic  odour,  melts  at  110^  (43^*30),  and 
volatilizes  slowly  at  common  temperatures.  It  distils  unchanged  with 
the  vapour  of  water,  but  decomposes  when  heated  alone.  It  is  vmj 
sparingly  soluble  in  water,  easily  in  alcohol  and  ether.  It  has  no  adioB 
on  v^etable  colours,  but  dissolves  freely  in  acids,  forming  crystalliahls 
salts.  Heated  with  hydrate  of  lime  it  is  said  to  yield  chin^^in^.. 
Thialdine  contains  C^H^NS^. 

A  very  similar  compound  containing  selenium  exists. 
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AliANiNE.— This  sabetaoce  is  likewise  obtained  from  aldehyde. 
It  was  disoorered  by  Stredrer,  who  obtained  it  in  a  reaction,  which 
promises  many  interesting  results.  If  an  aqueous  solution  of  the  am- 
monia compound  of  aldehyde  be  treated  with  hydrocyanic  and  hydro- 
chloric adds,  chloride  of  ammonium  is  formed,  together  with  hydro- 
c:hlorate  of  alamne.  On  adding  to  this  solution  a  mixture  of  alcohol 
and  ether,  the  greater  portion  of  the  chloride  of  funmonium  is  predpi- 
tated :  the  filtrate  is  tiien  treated  with  protoxide  of  lead  to  remove  a 
small  <]^uantity  of  chloride  of  ammonium,  and  separated  from  the 
lead  by  sulphuretted  hydrogen.  The  liquid  thus  obtained  deposits 
feathery  crystals  of  alanine.  The  composition  of  alanine  is  C^Hf  NO^ 
and  its  formation  represented  by  the  equation — 

C^H^O,     +     HC,N     +     2H0     =     CeHyNO^. 

Aldehyde.    Hydrocyanic  Alanine, 

add. 

Alanine  ciystaUizes  in  rhombic  prisms  of  the  lustre  of  mothei^of-pearl. 
They  are  pretty  soluble  in  cold,  but  more  so  in  boiling  water  :  they 
dissolve  but  little  in  alcohol,  and  not  at  all  in  ether :  the  solution  has 
a  sweetish  taste,  but  no  effect  upon  vegetable  colours.  Alanine  is  a 
weak  base :  as  yet  only  a  crystalline  nitrate  has  been  obtained,  but 
aeveral  combinations  with  metallic  oxides  have  been  produced.  This 
anbstanoehas  the  same  composition  as  lactamide  (see  page  453),  urethane 
(see  page  461),  and  saroosine,  which  has-been  already  described  in  con- 
nection with  kreatin  (see  page  624).  But  it  is  only  isomeric  with 
those  substances  from  which  it  differs  in  its  physical  and  chemical  pro- 
perties. The  homology  of  alanine  to  glycocoU  and  leudn  has  been 
already  mentioned  (see  page  625).  The  most  interesting  feature  in  the 
history  of  alanine  is  its  behaviour  with  nitrous  acid.  Under  the  influ- 
ence of  this  reagent  it  is  converted  into  lactic  acid,  identical  in  every 
respect  with  that  obtained  in  the  fermentation  of  sugar  (see  page  452). 
This  reaction  is  represented  by  the  following  equation : — 

CfijNO^    +    NO,     =     CftHjO^HO    +     2N.    +    HO. 

Alanine.  Lactic  add. 


APPEITDIX  TO  THE  ORGANIO  BASES. 

All  the  nnmeroQS  members  of  this  extensive  group,  which  have  been 
considered  in  the  preceding  section,  invariably  contain  nitrogen.  Recent 
researdieB,  however,  have  shown  that  there  exist  three  series  of  analo- 
gous substances  which  contain  phosphorus,  antimony,  and  arsenic, 
in  ^e  place  of  nitrogen.  These  remarkable  c<mipounds,  which  are  not 
yet  suffidently  known,  will  be  briefly  noticed*  in  the  sabeequent 
paragraphs. 
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Phoephoru&^foses. 

If  a  current  of  chloride  of  methyl  (see  ]Mige  500)  be 
a  layer  of  phosphide  of  calcium  (see  page  305),  heated  to  about  35^ 
(180^,  a  mixture  of  several  pliosphoretted  bodies  is  prodnoed, 
which  are  partly  liquid  and  partly  solid.  M.  Paul  Hietajud,  who 
has  investigated  this  subject,  has  separated  from  this  mixture  three 
compounds,  containing  carbon,  hydrogen,  and  phosphorua,  which  he 
believes  to  oorrespond  to  the  three  hydrides  of  phoaphoros  (aee  page 
206). 

Phosphoretted  Phosphovettad 

hydrogens.  -  metliyl  bodlea. 

P,H P,CA  =P,Mc 

PH, I^(C,H,),  =  PMv 

PH P(CA),  =  PMe^ 

As  ihr  as  can  be  seen  from  the  results  obtained  by  M*.  Tb^oaid, 
whidi  have  not  been  published  in  detail,  the  two  last  sobatanoes  arc 
powerful  bases  analogous  to  the  bases  of  the  nitrogen-series.  Tbess 
substances  are  very  difficult  to  prepare,  one  of  them  is  evea  ap<ataBe- 
nusly  inflanunable,  so  that  their  study  has  been  attended  with  giest 
difficulty  and  even  danger— drcumstanoes  which  sufficiently  aoooost 
for  the  insufficiency  of  tibe  description. 

The  subject  of  the  phosphorus-bases  has  been  examined  agaia 
by  MM.  Odours  and  Hofinann,  who  have  discovered  a  method  of  pR- 
paring  these  substances  by  means  of  a  process  which  yidds  very 
definite  results.  In  the  former  sections  of  this  work,  two  remarkabk 
substances  have  been  noticed,  discovered  by  Dr.  Frankland,  and  de 
scribed  by  him  under  the  names  of  xinc-tnkhyl  and  zino^ethyi  (pag* 
475).  These  substances,  when  submitted  to  the  actkm  of  to*- 
chloride  of  phosphorus,  furnish  saline  compounds  oontaining  reaper 
lively  PMe„3ZnCI,  and  PAe„BZna,  from  which,  by  distillation  wift 
potassa,  the  bases  PMe,  and  PAe,,  nay  be  liberated. 

TRIETHTLIVI06PIIINK,  C|,H|5P = PAc,. — ^This  substance  ia  a  co- 
lourless oil  of  a  very  penetrating  phosphorous  odour,  which  boib  at 
266^  (130°C).  It  is  slowly  oxidized  in  atmospheric  air.  The  xmpvaXt 
heated  with  air  or  oxygen,  explodes.  In  chlorine  gas  it  bums  with 
separation  of  carbon,  hydrochloric  add  and  pentachloride  of  phoa- 
phoniB  being  produced.  With  the  acids  it  forms  crystalline  conapoandi, 
which  are  very  deliquescent.  With  iodide  of  methyl,  ethyl,  and  amyl, 
it  solidifieB  after  a  tew  moments  to  crystalline  compounds,  oaotaiiu^ 
respectively  P(Ae,Me)I  ;PAeJ  and  P(Ae,Ayl)I,  which  are  deeom- 
posed  by  oxide  of  silver,  yielding  powerfully-alkaline  liquids,  containiiw 
the  hydrates  P(Ae,Me)030;PAe40,H0  and  P(Ae,Ayl)03O,  which 
resemble  in  every  respect  the  ammonium-bases  of  the  fourth  claas. 

Trucethtlpho8»hine»  C^PsPMe,. — This  substance  is  T«ry 
similar  to  the  corresponding  ethyl-base,  but  more  volatile.      When  left 
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in  contact  with  atmospheric  air,  it  famishes  an  oxide  which  crys- 
tallizcB  in  heantiful  white  needles.  With  iodide  of  methyl,  ethyl,  and 
amyi,  it  furnishes  the  iodides  PMe4l,P(Me,Ae)I,  and  P(Me3AyI)I,  from 
which  three  analogous  hydrates  can  be  produced  by  means  of  oxide  of 
silver. 

Antimony'basea, 

Among  the  derivatiTes  of  alcohol,  a  compound  of  antimony  with 
3  eq.  of  ethyl  has  been  briefly  noticed  (see  page  477)  under  the  name 
of  stibethyL  The  composition  of  this  remarJLable  compound  approxi- 
matea  it  to  triethylamine. 

Triethylamine,  NAe^  .     .     .     |   "stilwthyl."*^}  ^^'^^• 

A  closer  examination  has  shown  that  this  substance  differs  in  many 
pdnts  from  triethylamine ;  but  that,  in  one  vtrj  essential  character, 
the  two  substances  agree  in  the  most  perfect  manner. 

The  properties  of  stibethyl  are  the  following :  it  is  a  transparent, 
vtoy  mobile  liquid,  of  a  penetrating  odour  of  onions.  It  boils  at  317^ 
(158^*3G).  In  contact  with  atmospheric  air,  it  emits  a  dense  white 
fume,  and  frequently  eren  takes  fire,  burning  with  a  white  brilliant 
flame.  It  combines  directly  with  2  eq.  of  oxygen,  sulphur,  chlorine, 
and  iodine. 

Bittoxide  cf  stibethyl,  SbAegO,,  forms  a  viscid  transparent  mass 
soluble  in  water  and  alcohol.  It  is  extremely  bitter  and  not  poisonous. 
This  substance  cannot  be  volatilized  without  decomposition.  Binoxide 
of  stibethyl  combines  with  acids,  giving  rise  to  the  formation  of  crya- 
tallizable  salts  containing  2  eq.  of  add. 

Bisulphide  of  stibethyl,  SbAe,S^. — ^Beautiful  crystals  of  silvery 
lustre,  soluble  in  water  and  alcohol.  Their  taste  is  bitter,  and  their 
odour  similar  to  that  of  mercaptan.  The  solution  of  this  compound 
exhibits  the  deportment  of  an  alkaline  sulphide :  it  precipitates  the  solu- 
tion of  the  metals  as  sulphide,  a  soluble  salt  of  stibethyl  being  foimed 
at  the  same  time.  Tbi^^  deportment,  indeed,  affords  the  simplest  means 
of  preparing  the  salts  of  stibethyl. 

Bichloride  of  stibethyl,  SbAe^CIs. — Colourless  liquid  of  the  odour  of 
oil  of  turpentine. 

Binoxide  of  stibethyl,  SbAe,!^ — Colourless  needles  of  intensely- 
bitter  taste. 

The  analogy  of  triethylstibine  with  triethylamine  is  best  exhibited 
in  its  deportment  with  iodide  of  ethyl.  The  two  substances  combine^ 
forming  a  new  iodide,  containing  SbAe^I,  from  which  a  powerful 
alkaline  base  may  be  separated  by  the  action  of  protx)xide  of  silver. 
This  substance  is  evidently  analogous  to  oxide  of  tetrethyl-^nunonium^  i 

NAe^O^O,  SbAe^O,HO. 
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A  serie*  of  Mmlogous  sabetunoeB  exist  in  the  meth  jl-aencs.  Tbif 
hare  been  ezamiDed  by  M.  Landolt,  who  has  described  sefvend  of  their 
oompounds,  and  separated  the  methjl-anttmonj-baae  conespouding  U 
oxide  of  tetramethyl-ammoniam. 

The  iodide f  SbMe^I,  prodnoed  by  the  action  of  iodide  of  methyl  npa 
stibmethyl,  crystallizes  in  white  six-«ided  tables,  which  are  easily » 
luble  in  water  and  alcohol,  and  slightly  soluble  in  ether.  It  has  s  ray 
bitter  taste,  and  is  decomposed  by  the  action  of  heat.  When  trestii 
with  protoxide  of  silver,  it  yields  a  powerfully-alkaline  solution,  «• 
hibiting  all  the  properties  of  potassa,  from  which,  on  evaporatiaii,  i 
white  aystalline  mass,  the  hydrate  of  the  base,  SbMe^0,HO,  crystalliseL 
This  compound  forms  an  add  salt  with  sulphuric  acid,  which  crystal 
lixes  in  tables.     It  oontaius  SbMe^O,SO,+HO,SOg. 

AraeniC'iaseSm 

It  has  been  mentioned  already  (page  478),  that  an  alloy  of  annic 
and  sodium,  when  submitted  to  the  action  of  iodide  of  ethyl,  givet  ni 
to  the  formation  of  an  arsenic  compound  analogous  to  stibethyl,  wtiA 
has  been  described  under  the  name  of  arsenethyl,  but  which  meet 
appropriately  might  be  called  triethylanine,  since  its  oompositifl 
may  be  expressed  by  the  formula  Cjfi^^As  =  Ae^kg.  Together  wid 
this  substance  another  body,  containing  C^HiQAssAe^As,  is  fomed, 
whi<^  is  perfectly  analogous  to  cacodyl,  C^H^  As  =  Me, As.  Both  en- 
pounds  are  liquids  of  powerful  odour,  which  may  be  separated  by  &> 
tillation  in  an  atmosphere  of  carbonic  add,  when  the  triethylaniir 
passes  over  last. 

Triethylabstne  is  a  colourless  liquid  of  a  most  disagreeable  odoir, 
similar  to  that  of  arsenietted  hydrogen,  soluble  in  water,  alcohol,  sal 
ether,  and  boiling  at  284°  (140^C).  Triethylarsine  combines  dincUf 
with  oxygen,  sulphur,  bromine,  axid  iodine,  giving  rise  to  a  series  tl 
compounds  containing  2  equivalents  of  oxygen,  sulphur,  bramise, 
and  iodine.  They  are  analogous  to  the  corresponding  oompoands  tl 
stibethyl. 

When  triethylarsine  is  submitted  to  the  action  of  iodide  of  ethyl,  t 
crystalline  compound  is  formed,  containing  AsAe^I,  from  which  freely* 
precipitated  oxide  of  silver  separates  the  corresponding  oxide,  AsAtfi, 
HO,  which  is  a  powerfully-alksline  substance,  similar  to  the  com- 
sponding  nitrogen-,  phosphorus-,  and  antimony-compounds. 

Analogous  substances  exist  in  the  methyl-aeries,  Trimethylarrine, 
AsMe,,  is  formed,  together  with  cacodyl,  AsMe^  when  an  alloy  of 
arsenic  and  sodium  is  submitted  to  the  action  of  iodide  of  methyl.  H 
unites  with  iodide  of  metliyl,  producing  a  compound,  AsMeJ,  firoB ! 
which  oxide  of  silver  separatee  the  body  AsMe^O^O.  The  iodidt 
just  mentioned  is  formed,  together  with  iodide  of  caoodyl,  when  cse^* 
dyl  is  acted  upon  by  iodide  of  methyU 

2CAsMe^  -f  2MeI  rr  AsMeJ  -f  AMeJL. 
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By  substitating  iodide  of  ethyl  for.  iodide  of  methjl,  a  tompbond, 
4sf  Me^Ae,)!,  is  formed.  All  these  compounds  are  decomposed  by 
OKide  of  silver. 

The  following  table  exhibits  the  groups  of  phosphorus-,  antimony-, 
und  arsenic-bases,  in  juxtaposition  with  the  nitrogtti-series : — 


Nitrogm 

FbospboTos 

Anttmooy 

Anenic 

series. 

series. 

series. 

series. 

Elydrogen  com-  ^|t 
pound     .     . J        ' 

PH. 

SbH, 

AsH, 

Bthyl-base .    .    NH^Ae 



— 

^- 

Biethyl-base    .    NHAe, 



— 

— 

Tnethyl-base  .     NAe, 

PAe, 

SbAe, 

AsAe^ 

Ammonium-base  NAe40,H0  PAe^OjHO    SbAe«0,HO  AsAe^O^O. 

DIATOMIC  BASES  OF  THE  PHOSPHORUS  AND  ABSENIC  SERIES. 

The  action  of  bibromide  of  ethylene  on  triethylphosphine  gives  rise 
to  the  formation  of  two  crystalline  bromides  according  to  the  propor- 
tions in  which  the  substances  are  brought  in  contact.     These  bromides 
are  C„H„PBr,  =  C,^i4P+C^H4Br,  and  Ca8H84P,Br,=:2Ci,Hi4P+ 
C4H4Br2.     The  first  of  these  compounds  is  the  bromide  of  a  phospho- 
Dianiy  in  which  3  eq.  of  hydrogen  are  replaced  by  ethyl  and  1  eq.  by  the 
radical    bromethyl,  C^H^Br,  thus  [(C4H4BrXC4Hj),P]Br,  half  the 
broraine  in  the  salt  being  unaffected  by  the  action  of  silver  salts;  and 
which  accordingly  may  be  designated  as  bromide  of  bromethyl-triethyl- 
phoaphonium.     Numerous  salts  of  this  compound  are  known,  but  the 
free  base  cannot  be  obtained,  since  oxide  of  sllyer  eliminates  the  latent 
bromine,    giving  rise   to    the   formation   of  a  base  of  the  formula 
r(C4HftO,)(C4H3)JPp,HO.      The    second  bromide  is  the  salt  of  a 
diphospbonium,  of  a  metal  fonned  by  the  union  of  2  equivalents  of 
triethyl-phosphine    with    ethylene    [(C4H4)"(C4Ha)ePJ"Br,.       This 
metal,  which  corresponds  to  2  equivalents  of  ammonium,  2N]^  =  N^H,, 
forms  a  seiies  of  very  stable  and  beautiful  salts,  especially  an  iodide 
which  is  difficultly  soluble  in  water.     In  all  these  salts  the  metal, 
which  is  composed  of  1  eq.  of  ethylene,  6  eq.  of  ethyl,  and  2  eq.  of 
phosphorus,  is  united  with  2  equivalents  of  add  radical ;    even  the 
platinum  salt  contains  2  equivalents  of  bichloride  of  platinum.     The 
fi-ee,   very  caustic,  and    stable  base   has   the  composition  [(C^H^)'' 
(C4Hs)ePJ'Oi,2HO. 

The  bibromide  of  the  ethylene-hezethyl-diphosphonium — ^this  is  the 
name  by  which  the  new  diatomic  metal  has  been  designated — ^may  be 
formed  by  the  action  of  triethylphosphine  upon  the  brominated  bromide 
which  has  been  mentioned  as  the  first  product  of  the  action  of 
bibromide  of  ethylene  upon  triethylphosphine,  CieHigPBrs-f-CjsHi^Ps: 
C„H„PjBr,.  If  the  triethylphosphine  be  replaced  in  this  process  by 
Ammonia  or  by  monamines  in  general,  or  by  monarsines,  an  almost  un- 

2n 
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limited  aeries  of  diatomic  aalti  is  formed,  in  which  plMMfikonu  ad 
nitrogen  or  phosphoras  and  anenic  are  aaeodated. 

Thus  the  action  of  ammonia,  of  ethylamine,  and  of  trietiijlaniBe, 
giyee  liae  respectirelj  to  the  following  componiMia:^ 

Bibromide  of  ethylene-hexethTl-  \r/f^  rr  snm  -a  \  i>A.-iin». 
phosphanonimn  .....  /Lv^****)  C^A)«PA«3  "Br^ 

Treated  with  oride  of  siWer  these  bromides  yield  the  very  csnstie 
diatomic 


The  arsenic  bans,  when  submitted  to  the  action  of  bibromide  ef 
ethylene,  give  rise  to  perfectly  anali^ns  results.  The  limits  of  itia 
Manual  will  not  pennit  us  to  oamine  these  nmaikable  oompooods  is 
detail. 
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Tbb  Ofganic  colouring  principles  are  substances  of  very  considerable 
practical  importance  in  relation  to  the  arts:  several  of  them,  too, 
baye  been  made  the  subjects  of  eztenstve  and  successful  chemical  inres- 
tigation.  With  the  ezceptioD  of  one  red  dye,  cochineal,  thej  are  all  of 
▼stable  origin. 

The  art  of  dyeing  is  founded  upon  an  affinity  or  attraction  existing 
between  the  oolonring  matter  of  the  dye  and  the  fibi-e  of  the  fabric. 
In  woollen  and  silk  this  affinity  is  usually  veiy  considerable,  and  to 
snch  tisanes  a  permanent  stain  is  very  easily  communicated,  but  with 
cotton  and  flax  it  is  much  weaker.  Recourse  is  then  had  to  a  third 
■ubstonoe,  which  does  posaess  in  a  high  d^ree  such  affinity,  and  with 
this  the  cloth  is  impregnated.  Alumina,  sesquiozide  of  iron,  and  oxide 
of  tin  are  bodies  of  this  dass. 

When  an  infusion  of  some  dye-wood,  as  logwood,  for  example,  is 
Slued  with  alum  and  a  little  alkali,  a  precipitate  falls,  consisting  of 
alxmiina  in  combination  with  colouring  matter,  called  a  lake  ;  it  is  by 
the  formation  of  this  insoluble  substance  within  the  fibre  that  a  per- 
manent dyeing  of  the  cloth  is  effected.  Such  applications  are  termed 
mordofiCs.  ^esqnioxide  of  iron  usually  gives  rise  to  dull,  heavy 
colours ;  alumina  and  oxide  of  tin,  especially  the  latter,  to  brilliant 
ones.  It  is  easy  to  see  that,  by  applying  the  mordant  partially  to  the 
cloth,  by  a  wood-block  or  otherwise,  a  pattern  may  be  produced,  as  the 
colour  will  be  removed  by  washing  from  the  other  portions. 

l2n>iGO. — Indjgo  is  the  most  important  member  of  the  group  of  blue 
colouring  matters.  It  is  the  product  of  several  species  of  the  genus 
^lidigcferat  which  grow  principally  in  warm  climates.  When  the 
leaves  of  these  plants  are  placed  in  a  vessel  of  water  and  allowed  to 
ferment,  a  yellow  substance  is  dissolved  out,  which  by  contact  of  air 
liccomes  deep  blue  and  insoluble,  and  finally  precipitates.  This,  washed 
>nd  carefxilly  dried,  constitutes  the  indigo  of  commerce.  It  is  not  con- 
tained ready-formed  in  the  plant,  but  b  produced  by  the  oxidation  of 
*<nne  substance  there  present.  Neither  is  the  fermentation  essential,  as 
A  mere  infusion  of  the  plant  in  hot  water  deposits  indigo  by  standing 
i&  the  air. 
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The  oocumooe  of  pixxtuctioo  of  small  quantities  of  indigo  ia  urk 
had  beoi  obaerred  by  Hassel  and  otho^ :  it  was,  however,  gavnlh 
conaidered  as  a  morbid  secretion ;  but  lately  Dr.  Schunck  has  pnmi 
that  traces  of  indigo  may  be  procured  from  healthy  urine.  T^  pr^ 
cess  by  means  of  which  this  object  may  be  attained  is  rather  con^ 
cated.  For  a  description  of  this  process,  and  for  a  foil  aoooont  cf  te 
researches  on  the  formation  of  indigo-blue,  which  would  ovcntep  tke 
limits  of  this  elementary  work,  the  reader  is  referred  to  Dr.  Schuixk'f 
original  papers.* 

Indigo  comes  into  the  market  in  the  form  of  cubic  cakes,  whkkr 
rubbed  with  a  hard  body,  exhibit  a  copper-red  appeaxBDoe :  its  po«^ 
has  an  intensely  deep-blue  tint.  The  best  is  so  light  as  to  float  ipoB 
water.  In  addition  to  the  blue  colouring  matter,  or  true  ind^itooa- 
tains  at  least  half  its  weight  of  various  impurities,  among  which  wf 
be  noticed  a  red  reauous  matter,  the  indigo-red  of  Benelius:  thoe 
may  be  extracted  by  boiling  the  powdered  indigo  in  dilate  add,  alkali. 
and  afterwards  in  alcohol. 

Pure  indigo  is  quite  insoluble  in  water,  alcohol,  oils,  dilute  adds, 
and  alkalis :  it  dissolves  in  about  15  parts  of  concentrated  sn]])hfiri£ 
acid,  forming  a  deep-blue  pasty  mass,  entirely  soluble  in  water,  aod 
often  used  in  dyeing :  this  is  gulphindylic  or  tulphmdigotic  add,  a  ooo- 
pound  analc^us  to  sulphovinic  acid,  capable  of  forming  with  alkalin 
bases  blue  salts,  which,  although  easily  soluble  in  pure  water,  are  a- 
soluble  in  saline  solutions.  If  an  insufficient  quantity  of  sulphov 
acid  has  been  employed,  or  digestion  not  long  enough  continiiei«  > 
purple  powder  is  left  on  diluting  the  add  mass,  soluble  in  a  Ui^ 
quantity  of  pure  water.  The  Nordhausen  add  answers  fiff  better  h 
dissolving  indigo  than  ordinary  oil  of  vitriol.  Indigo  may,  by  caatioBi 
roani^ment,  be  volatilized :  it  forms  a  fine  purple  vapour,  which  av" 
denses  in  brilliant  copper-coloured  needles.  The  best  method  of  t^ 
liming  this  substance  is,  according  to  Mr.  Taylor,  to  mix  it  vi^ 
plaster  of  Paris,  make  the  whole  into  a  paste  with  water,  and  spr^d  i 
upon  an  iron  plate.  1  part  indigo,  and  2  parts  plaster,  answer  vffj 
well.  This,  when  quite  dry,  is  heated  by  a  spirit-lamp :  the  volatili- 
zation of  the  indigo  is  aided  by  the  vapour  of  water  disengaged  /hff 
the  gypsum,  and  the  surface  of  the  mass  becomes  covered  with  beiS' 
tiful  crystals  of  pure  indigo,  which  may  be  easily  removed  by  a  this 
spatula.  At  a  higher  temperature,  charring  and  decompositicxi  tab 
place. 

In  contact  with  deoxidizing  agents,  and  with  an  alkali,  indigo  bo^^ 
a  very  curious  change :  it  becomes  soluble  and  nearly  colouness,  ftf* 
haps  returning  to  ti^e  same  state  in  whidi  it  existed  in  the  plsnt.  1^ 
is  on  this  prindple  that  the  dyer  prepares  his  indigo-vat : — 5  psits  » 
powdered  indigo,  10  parts  of  green  vitriol,  15  parts  of  hydrate  » 
lime,  and  60  parts  of  water,  are  agitated  together  in  a  dose  Teasel. 

•  '  Memoirs  of  the  Llteraiy  and  Philosophical  Society  of  Manchester/  vol  itL. 
17T;  xlv.,  181.239. 
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and  then  left  to  stand.    The  hjdrated  pratoxide  of  iron,  in  conjimction 
with  the  excess  of  lime,  rednoes  the  indigo  to  the  soluble  state :  a  yel* 
lo\rish  liquid  is  produced,  from  which  acids  precipitate  the  u:?ute  or 
deoxidized  indigo  as  a  floccalent  insoluble  substance,  which  absorbs 
Qxygoi  with  the  greatest  avidity,  and  becomes  blue.    Cloth,  steeped  in 
the  alkaline  liquid,  and  then  eipoeed  to  the  air,  acquires  a  deep  and 
most  permanent  bine  tint  by  the  deposition  of  solid  insoluble  indigo  in 
•the  substance  of  the  fibre.    Instead  of  the  iron  salt  and  lime,  a  mix* 
tare  of  dilnte  caustic  soda  and  grape-sugar  dissolved  in  alcohol  may  be 
used :  the  sugar  becomes  oxidized  to  formic  acid,  and  the  indigo  re- 
duoed.     On  allowing  a  solution  of  this  description  to  remain  in  con- 
tact with  the  air,  it  absorbs  oxygen  and  deposits  the  indigo  in  the  crys- 
talline condition. 

The   following  formulc  represent  the  composition  of  the  bodies 
desciibed: — 

Blue  insoluble  indigo  •  .     C10H5NO2 

White,  or  reduced  indigo*  .         CjeHgNO^ 

SulphindyUc  add         .         .         .     Ci,H4NO,2SO„HO. 

Pboducts  or  the  deooxposition  of  indiqo.  —The  products 
of  the  destructive  modifications  of  indigo  by  powerful  chemical  agents 
of  an  oxidizing  nature  are  both  numerous  and  interesting,  inasmuch  as 
they  connect  this  substance  in  a  very  curious  manner  wit^  several  other 
groups  of  organic  bodies,  especially  with  those  of  the  salicyl-  and 
phenyl-series.  Many  of  them  are  exceeding^  beautiful,  and  poss^ 
very  remaricable  properties. 

1SATI2(. — One  part  of  indigo  reduced  to  fine  powder,  and  rubbed  to 
a  paste  with  water,  is  gently  heated  with  a  mud^ure  of  one  part  of 
sulphuric  add  and  one  part  of  bichromate  of  potassa  dissolved  in  20  or 
30  parts  of  water.     The  indigo  dissolves  with  very  slight  disengage- 
ment of*  cai'bonic  acid  towards  the  end,  forming   a  yellow-brown  solu- 
tion, which,  on  standing,  deposits  impure  iiatin  in  crystals.    These 
are  collected,  slightly  washed  and  redissolved  in  boiling  water :   the 
filtered  solution  on  cooling  deposits  the  isatin  in  a  state  of  purity.     Or, 
powdered  indigo  may  be  mixed  with  water  to  a  thin  paste,  heated  to 
the  boiling-point  in  a  lai^  capsule,  and  nitric  add  added  by  small 
portions  until  the  blue  colour  disappears :  the  whole  is  then  lazgely 
diluted  with  boiling  water,  and  filtered.     The  impure  isatin  which  se- 
parates on  cooling  is  washed  with  water  containing  a  little  ammonia, 
and  recrystallized.     Both  these  processes  require  careful  management, 

or  the  oxidizing  action  proceeds  too  far,  and  the  product  is  destroyed. 

» 
*  Properly  hitdrogenised  indigo  if  the  above  be  the  correct  view;  white 
lodigo  may,  however,  be  viewed  as  a  Ary(intte,and  blue  indigo  as  an  oxide  of  one 
and  the  same  substance. 

White  indigo CieHoNO-l-HO 

Bluelndlgo.       .  .        CieHfiNO+O. 
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laatin  fbrxnB  deep  yellowtsh-red  prismatic  cryiteib  of  gittt 
and  lustre :  it  is  sparingly  soluble  m  cold  waier,  £nAy  h  UKng 
water,  and  also  in  aloohol.  The  solution  colours  the  skin  jvUov,  mi. 
canses  it  to  emit  a  very  disagreeable  odour.  It  cannot  be  sobGmii 
Isattn  "^fa»»««   the  elements  of  indigo  j^us  2  eq.  of  oxjgeB,  a 

A  solution  of  potassa  dissolves  isatln  with  purple  colour:  fiantiu 
solution  acids  precipitate  the  isatin  unchanged.  When  bnkd,  hsv- 
ever,  the  colour  is  destroyed,  and  the  liquid  fumisbea  on  eiapondas 
crystals  of  the  potassa-salt  of  a  new  add,  the  isatuUe,  oontuning  CJ^ 
NOgyHO.  In  the  free  state  tliis  is  a  white  and  impeHoctly-cryslaliiDe 
powder,  soluble  in  water,  and  easQy  decomposed  into  iaatin  and  wstff. 

By  chlorine  isatin  is  converted  into  the  substitution-product  eUor- 
isatin,  Cit(Bfil)^0^,  a  body  closely  resembling  isatin  itself  in  pn- 
perties.  If  an  alcoholic  solution  and  excess  of  chlorine  be  enqibNA 
other  products  make  their  appearance,  as  MfranUet  Cjfilfi^,  frii^ 
rophenol,  Ci2(H,C]3)02,  and  a  resinous  substance.  The  fonner  d 
these  substances,  the  position  of  which  in  the  kinone-eeries  has  best 
already  noticed  (page  575),  yields  further  products  with  potaa»  ai^ 
ammonia.  Bromisatin  is  easily  fonned.  The  change  which  isaida, 
and  its  chlorinetted  and  brominetted  congeners,  ondeigo  whea  fob- 
mitted  to  the  action  of  itising  hydrate  of  potassa  has  been  alrei^ 
considered  in  the  section  on  the  Artificial  Organic  Bases  (see  page 639)- 

Exposed  to  the  action  of  sulphuretted  hydrogen  and  sulphide  of 
ammonium,  isatin  furnishes  several  new  compounds,  as  isatfufde,  n^ 
fdsathyde,  su^asathyde. 

A  hot  solution  of  isatin,  when  treated  with  sulphide  of  ammonnai^ 
gives  rise  to  a  deposit  of  sulphur,  a  white  crystallixed  anbstanoe  bong 
produced  at  the  same  time :  it  has  received  the  name  of  iaathydg,  asd 
contains  Cj^H^NO^.  It  is  obvious  that  it  bears  to  isatin  the  ssbk 
relation  as  wl^te  to  blue  indigo.  If  the  sulphide  of  ammonium  Ik 
repUeed  by  sulphuretted  hydrogen,  hisnUphiscithyde,  CiJ£i^O^  * 
produced,  which  is  the  former,  2  eq.  of  oxygen  being  replaoed  bf  2 
eq.  of  sulphur.  An  alcoholic  solution  of  potassa  oonverts  this  ints 
auipMaathyde,  Ci^HgNOgS,  in  which  only  one  quarter  of  the  ozTps 
in  isathyde  is  replaced  by  sulphur.  Under  the  influence  of  oald 
aqueous  solution  of  potassa,  bisulphisathyde  yields  indm,  OigH^NOp 
which  is  isomeric  with  white  indigo.  When  treated  with  boiliif 
potassa,  indin  fixes  the  demits  of  2  eq.  of  water,  and  becomes  indiaic 
add,  0|9HrK0,,H0,  the  potassa-salt  of  which  forms  fine  black  needkk 

Ammoniacal  gas  and  solution  of  ammonia  yield  with  isatin  a  seritf 
of  interesting  substances,  containing  the  nitrogen  of  the  ammo"**  i> 
addition  to  that  of  the  isatin. 

Action  of  chlorine  on  indiqo. — In  the  dry  state  dilorine  has 
no  action  whatever  on  indigo,  even  at  the  temperature  of  212'' 
(100°C).  In  contact  with  water,  the  blue  colour  is  instantly  de- 
stroyed, and  cannot  again  be  restored.    The  same  thing  ih«pp»i«  with 
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the  blue  flolation  of  sulphindylic  add.  When  chlorine  is  passed  into  a 
mixture  of  powdered  indigo  and  water  until  the  colour  disappears,  and 
the  product  is  then  distilled  in  a  retort,  water  containing  hydrochloric 
add  and  a  mixture  of  two  volatile  bodies,  trichloraniline,  C|,(H4C1,)N, 
and  trichlon^henol,  C^^llfi\^)0^,  pass  over  into  the  receiver,  while 
the  residue  in  the  retort  is  found  to  contain  chlorisatin,  already  men- 
tioned, and  hichhriaatin,  C,,(H,C],)N04,  °^^^  resembling  the  former 
bat  is  more  freely  soluble  in  alcohol.  Both  these  hodies  yield  acids  in  con- 
tact with  boiling  solution  of  potassa,  bysssimilating  the  elem^ts  of  water. 

The  action  of  bromine  on  indigo  is  very  similar. 

Akilic  akd  picric  ACID6. — Anillc  or  indigotic  acid  is  prepared 
by  adding  powdered  indigo  to  a  Ixriling  mixture  ot  1  part  of  nitric  acid 
and  10  parts  of  water,  until  the  disengagement  of  gas  ceases,  filtering 
the  hot  dark-coloured  liquid,  and  allowing  it  to  stand.  The  impure 
anilic  acid  so  obtained  is  converted  into  the  lead-ealt,  which  is  purified 
by  aystallization  and  the  use  of  animal  charcoal,  and  then  decomposed 
by  sulphuric  acid.  Anilic  acid  forms  fine  white  or  yellowish  needles, 
which  have  a  feebly-acid  taste,  and  very  sparing  d^ree  of  solubility  in 
oold  water.  In  hot  water  and  in  alcohol  it  dissolves  easily.  It  noelts 
when  heated,  and  on  cooling  assumes  a  crystalline  structure.  By 
careful  managemrat  it  may  be  sublimed  unchanged.  Anilic  acid  con- 
tains Cj^HsNOio=:Cj/H(N04)0«.  It  has  been  mentioned  that  the 
same  add  is  readily  prapared  from  salicylic  add  (see  p.  559).  Hence 
it  is  more  appropriately  called  nitrosalicyKc  add. 

Picric,  carbazotic,  or  nitrophenisic  add,  is  one  of  the  ultimate  pro- . 
ducts  of  the  action  of  nitric  acid  upon  indigo  and  numerous  other 
substances,  as  silk,  wool,  several  resins,  especially  that  of  Xanthorrosa 
hasiilis  (yellow  gum  of  Botany  Bay),  salidn  and  some  of  its  deriva- 
tives, cumarin,  phenyl-aloohol  and  other  bodies  belonging  to  the 
pbenyl-eeries.  It  may  be  prepared  from  ind^  by  addi])g  that  sub- 
stance in  coarse  powder,  and  by  small  proportions  to  10  or  12  times 
its  wdght  of  boiling  nitric  add  of  sp.  gr.  1  '43.  When  the  last  of  the 
indigo  has  been  added,  and  the  action,  at  first  extremely  violent^  has 
become  moderated,  an  additional  quantity  of  nitric  add  may  be  poured 
upon  the  mixture,  and  the  boiling  kept  up  until  the  evolution  of  red 
fumes  nearly  ceases.  When  ool<^  the  impure  picric  add  obtained  may 
be  removed,  conveiied  into  potassspsalt,  several  times  recrystallized, 
and,  lastly,  decomposed  by  nitric  add.  In  the  pure  state  it  forms 
beautiful  pale-ydlow  scaly  cryi^tals,  but  slightly  soluble  in  cold  water, 
and  of  insupportably  bitter  taste.  Picric  add  is  used  in  dydng ;  it 
forms  a  series  of  crystallizable  salts  of  a  yellow  or  orange  colour :  that 
of  potassa  forms  brilliant  needles,  and  is  so  little  soluble  in  oold  water, 
that  a  solution  of  picric  acid  is  occasionally  used  as  a  predpitant  for 
thai  base.  The  alkaline  salts  of  this  acid  explode  by  heat  with  extra- 
ordinary violence.  The  crydtals  of  picric  add  contain  Cj^H^NgOi,, 
H0=C,J;H,(N0JJ0,H0.  This  substance  is  now  extensivdy  used  in 
dyeing  yellow. 
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If  m  solution  of  picric  add  be  distilled  with  hTpocUonte  ci  te, 
or  a  mixture  of  <£lorate  of  potassa  and  hydrodiloric  acid,  an  oih 
liquid  of  a  penetratiDg  odour  is  obtained,  having  «  sp.gr.  of  1*^ 
and  boiling  between  237''  and  239°  (lU"" and  1  I5°C).  ThisnWaee; 
chhropicrin,  was  discovered  by  Stenhouae,  who  gaTe  the  fonnia 
C^CIrNjOjo ;  MM.  Gerhardt  and  Cahours  assign  to  it  the  fimeb 
GgCIjNO^.  According  to  the  latter  formula,  which  is  morepnb^ 
chloropicrin  would  be  diloroform,  in  which  the  hydrogen  is  Rpbad 
by  the  elements  of  hyponitric  add. 

Chloroform  C,(HC1,);  Chloropicrin  CjCNO^ClJ. 

PbODUCTS    of  the    action    of    HTDRATB    of    P0TA8BA  UNX 

INDIGO.  —  One  of  the  most  remarkable  of  these,  aniliDe,  has  las 
/  already  described  (see  page  63ti).  When  powdered  indigo  is  bciU 
with  a  Tery  concentrated  solution  of  caustic  potttsa,  it  is  gradsillj 
dissolved,  with  the  exception  of  some  brownish  floccnlent  matterf  tfi 
the  liquid  on  cooling  deposits  yellow  crystals  of  the  potaasa-salt  d « 
new  acid,  the  chryaoatilic,  which  can  be  procured  in  a  porer  state,  bf 
dissolving  the  crystals  in  water,  filtering  from  reproduced  ind^  inJ 
adding  a  slight  excess  of  mineral  acid.  Chrysanilic  acid  can  be  oUaisei 
in  indistinct  crystals  from  weak  alcohol :  it  is  supposed  to  ooolai 
CfgHj^NjO^fHO ;  but  it  is  very  probable  that  it  is  a  mixture  of  sennl 
substances,  especially  isatinic  add. 

When  this  substance  is  boiled  with  mineral  adds,  it  is  decoopust 
into  another  new  add,  the  antkraniltc,  which  remains  in  soIutiaB,  ad 
a  blue  insoluble  matter  resembling  indigo:  a  similar  effect  is  sknrif 
produced  by  the  action  of  the  air  upon  an  alcoholic  solutioa  of  dix^ 
anilic  acid.  Anthranilic  add  is  colourless,  sparingly  soluble  in  coU 
water,  easily  soluble  in  alcohol.  It  melts  when  heated,  anbiiBes 
under  favourable  circumstances,  but  decomposes  entirely  when  batfed 
in  a  narrow  tube  into  carbonic  acid  and  aniline.  It  contains  CuHt 
KOg,HO.  By  treatment  with  nitrous  acid,  anthranilic  add  is  ae- 
verted  into  salicylic  add,  C,^H,N0„H0+N08  =  CmH,04,HO+ 
H0+2N. 

According  to  M.  Cahours,  pure  indigo  can  also  be  converted  into 
salicylic  add  by  fusion  with  hydrate  of  potassa :  a  particular  tempe 
ratureis  required,  somewhat  above  570°  (298°  *9C),  and  the  opentian 
is  by  no  means  always  successful. 

LiOHBNS.^ — Litmus  is  used  by  the  dyer  as  a  red  colouring  matter; 
the  chemist  employs  it  in  the  blue  state  as  a  test  for  the  presence  of 
acid»  by  which  it  is  instantly  reddened. 

In  preparing  test-papers  for  chemical  use  with  infusion  of  litmus, 
good  writing  or  drawing  paper,  free  from  alum  and  other  add  satts, 
should  be  chosen.  Those  sheets  which  afler  drying  exhibit  red  apots, 
or  patches,  may  be  reddened  completely  by  a  little  dilute  acetic  addf 
and  used,  with  much  greater  advantage  than  turmerio>paper,  to  disoorer 
the  presence  of  free  alkali,  which  restores  the  blue  colour. 
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Msnj  lichens,  when  ezpoeed  in  a  moistened  state,  to  the  action  of 
ammonia^  yield  purple  or  blue  colouring  principles,  which,  like  indigo, 
do  not  pre-eiist  in  the  plant  itself.  Thus,  the  Roocella  tinctoria,  the 
Variotaria  orcina,  the  Leccmcra  tartarea,  &c.,  when  ground  to  paate 
with  water,  miied  with  putrid  urine  or  solution  of  carbonate  ot*  am- 
monia,  and  left  for  some  time  freely  exposed  to  the  air,  furnish  the 
orcAt/,  litmvSf  and  cudbear  of  commerce,  very  similar  sabstances, 
differing  diiefly  in  the  details  of  the  preparation.  From  these  the 
oolouring  matter  is  easily  extracted  by  water  or  very  dilate  solution  ef 
ammonia. 

The  lichens  have  been  extensively  examined  by  Schunck,  Stenhouse, 
and  several  other  chemists.  The  whole  subject  has  been  lately  revised 
hy  Strecker,  whose  formulcB  have  been  adopted  in  the  following  succinct 
aoQoont : 

Ebythrio  acid. — The  lichen  RooceUa  tinctoria,  from  which  the 
finest  kind  of  archil  is  prepared,  is  boiled  with  milk  of  lime,  the  fil- 
tered solution  is  precipitated  by  hydrochloric  acid,  and  the  precipitate 
dried  and  dissolved  in  warm,  not  boiling,  alcohol,  from  which  on 
cooling  crystals  of  erythric  acid  are  deposited.  This  is  a  very  feeble 
add,  colourless,  inodorous,  difficultly  soluble  in  cold  and  even  in  boiling 
water,  reodily  soluble  in  ether.  Its  solution,  when  mixed  with  chlo- 
ride of  lime,  assumes  a  blood-red  colour.  Boiled  with  water  for  some 
time,  erythric  acid  absorbs  2  eq.  and  yields  picro-erythrin,  a  crystal- 
Uxable,  bitter  principle,  and  a  new  add  presently  to  be  described,  which 
is  termed  by  some  diemists  leoonoric,  by  others  orseUinic  acid.  If  the 
ebullition  be  continued,  the  orsellinic  acid  undergoes  a  further  change, 
b«ing  converted  into  a  crystalline  substance,  orcm,  of  which  mention 
will  shortly  be  made. 

Picro-erythrin,  when  boiled  with  baryta  water,  is  decomposed  into 
ordn,  erythromannite  (see  page  434),  and  carbonic  add. 

The  composition  of  these  various  substances  is  expressed  by  the  fol- 
lowing formulsB: — 

Erythric  add       ....  C^qH^O^. 

OrseUinic  acid  .  .  .  ^iJ^t  0,. 

Picro-erythrin      ....  ^ifiifin* 

Ordn C14H,  O4. 

And  the  successive  changes  which  occur  by  ebullition  are  represented 
by  the  following  equations : — 

C«oHpOao    +  2H0     =     C„H.O.     +      C^H^,0^,. 
Erythric  add.  OrseUinic  acid.       Picro-erythi'in. 

C,^,0,     =     C„HeO,^+     2C0y 


OrseUinic  add.        Ordn. 
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C^H^O,,  +  2H0    =     C^flfi,    +     Cg,jO,  +  2C0r      I 

Picr&^rythrin.  Orcin.  Erjthro- 

manoite. 

Alfha-orseluc  acid  is  obtained  from  the  South  AmericiiiTBifl^ 
of  Soooella  tincioncL.  The  preparation  and  the  properties  of  thif  sd^ 
stance  are  perfectlj  analogous  to  those  of  erythric  acid.  Xtfbt 
onellic  add  contains  C^Hj^Oi^ ;  by  boiling  with  barytaointer  it  Eb- 
fumishes  orsellinic  add. 

C«H„0,4     +     2H0     =     20,^0,. 


Alphaorsellic  acid.  Orsellimc 

If  the  ebnllition  be  continued  too  long,  a  great  portioo  of  the  onil- 
linic  add  is  oonrerted  into  orcin. 

Obsellinic  acid,  foi-merly  frequently  called  lecanoiic  idi 
whether  prqiared  from  erythric  or  alpha-orsellic  add,  fonns  aynli 
which  are  hr  more  soluble  in  water  than  either  of  the  adds  fim 
which  it  has  been  prepared.  Its  taste  is  somewhat  bitter.  Boflrf 
with  water,  it  yields,  as  has  been  stated,  ordn ;  under  the  Infioeoff  <i 
air  and  ammonia,  it  assumes  a  beautiful  purple  colour. 

If  the  lichens,  instead  of  being  treated  with  milk  of  lime,  be  a- 
hausted  with  boiling  alcohol,  the  erythric  and  alpha-orsellic  addf  in 
likewise  decomposed  ;  but  instead  of  orsdlinic  add,  the  ether  of  tfas 
substance,  C^H^OyCj^H^Op  is  formed.  This  ether  was  formerly  ^ 
scribed  under  the  name  psettdo-erythrin,  until  Dr.  Schunck  pobted 
out  the  true  nature  of  the  substance.  Orsellinate  of  etfa jl  may  bt 
likewise  produced  by  boiling  pure  orsellinic  add  vnth  al<x)hd.  B 
crystallizes  in  colourless  lustrous  plates,  which  are  readily  soluble  is 
boiling  water,  alcohol,  and  ether. 

Beta-obsellic  aoid  is  found  in  JtocceOa  tinctona  grown  st  ^ 
Gape :  it  b  obtained  like  erythric  and  alphaorsellic  add,  whidt  it 
resembles  in  properties.  Beta-onellic  add  contains  C^Eyfin'  ^ 
bdling  with  water,  it  yields  likewise  orsellinic  add,  togeUier  viti 
haii^like  crystals  of  a  silvery  lustre,  of  a  substance  called  roooetUH^* 
which  has  the  composition  CigHgO,. 


Ou^ifii,     =     c,AO,    +     c,AO 


m^^ 


r 


Seta-orsellic  add.       Orsellinic  add.        Roocdlinin. 

,  The  decomposition  of  beta-orsdlic  add  is  obriously  analogous  to  tbit 

)  of  erythric  add,  the  roooelliuin  representing  the  piao-erythrin. 

^  Evemic  add  is  extracted  by  milk  of  lime  from  Evemia  pn^a^ 

which  was  formerly  believed  to  contain  orsellinic  acid.  Everoic  lo^ 
is  very  difficultly  soluble  even  in  boiling  water :  it  assumes  a  jd)^ 
colour  with  chloride  of  lime.  When  boUed  with  the  alkalis,  it  jy^ 
another  crystalline  add,  eveminic  acid,  differing  from  the  preceding  br 
its  free  solubility  in  boiling  water.    The  compositioii  of  evemic  f^ 
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is  represented  by  the  formula  C^U^fl^^,  that  of  ewmiDic  acid  by 
C^aH^o^s*  fiveniic  add,  when  boiled  for  a  considerable  time  with 
baryta,  yields  orcin :  eveminic  add  does  not  gire  a  trace  of  this  sub- 
stance ;  it  is  therefore  probable  that  evemic  add,  under  the  influence 
of  alkalis,  yields  in  addition  to  eTeminic  add  likewise  oxselllnic  add, 
finom  which  the  ordn  is  derired,  and  that  this  deoompodtion  is  repre- 
aented  by  the  equation : — 

CjA,0„  +  2H0      =      C,AO.      +      C,A.Ot. 
£Temic  add.  Orsellinic  acid.       Eyeminic  add. 

Pabeixic  acid.— X«xmoro  parelia  contains  an  acid  probably  ana- 
logous to  erythric,  alpha-orsellic;  beta-oraellic,  and  evemic  acids,  the 
oompoaition  of  which  is,  howerer,  still  unknown.  By  boiling  witli 
borjrta  it  yields  orsellinic  add  and  pareUic  acid,  CigH^Oa. 

Orcin  is  the  general  product  of  decomposition  of  the  acids  previously 
described  under  the  influence  of  heat  or  alkaline  eailha. 

Ordn  is  best  prepared  by  boiling  lecanoric  or  orsellinic  add,  pure  or 
impure,  with  baryta-water,  predpitating  the  excess  of  baryta  by  cai^ 
booic  acid,  and  evaporating  the  filtered  liquid  to  a  small  bulk.  It 
formsy  when  pure,  large,  square  prisms,  whidi  have  a  slightly-yellowish 
tint,  an  intensely-sweet  taste,  and  a  high  degree  of  solubility  both  in 
water  and  alcohol.  When  heated,  ordn  loses  water  and  melts  to  a 
syrupy  liquid,  which  distils  unchanged.  The  crystals  of  orcin  contain 
CiAO4,2H0. 

Orcein. — ^When  ammonia  is  added  to  a  solution  of  ordn,  and  the 
whole  exposed  to  the  air,  the  liquid  assumes  a  dark-red  or  purple  tint 
by  absorption  of  oxygen ;  a  slight  excess  of  acetic  acid  tiien  causes  the 
predpitation  of  a  deep-red  powder,  not  very  soluble  in  water,  but  freely 
dissolving  in  ammonia  and  fixed  alkalis,  with  a  purple  or  violet  colour. 
This  powder  is  an  azotized  substance,  formed  from  the  elements  of 
the  ammonia  and  the  orcin,  called  orcein ;  it  probably  constitutes  the 
chief  ingredient  of  the  red  dye-stuff  of  the  commerdal  artides  before 
mentioned.  The  oompodtion  of  orcein  is  less  certain  than  that  of 
ordn;  it  probably  contains  C^^H^NOf,  when  its  formation  from  ordn, 
under  the  joint  influence  of  oxygen  and  ammonia,  would  be  represented 
by  the  equation ; — 

CmH8Q4,2HO  -I-  60  -h  NH,     =     C,4H,N0,  +  6H0. 
Ordn.  Orcdn. 

Other  substanoes  are  occadonally  present  in  lichens:  thus,  the 
Umea  barbata  and  several  other  lichens  contain  uanio  add,  a  sub- 
stance crystallixing  from  alcohol  in  fine  ydlowish-white  needles  with 
metallic  lustre,  having  the  formula  Cffl^fi^y  It  gives  no  orcin  by 
distillatiou,  but  a  substance  similar  to  it  which  probably  contains 
C^flifi^,  and  lias  been  designated  by  the  name  of  betchorcin.    The 
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Parmetlia  parietina  furoished  another  new  rabstanoe,  ekrjfWfkme 
acid,  crystallizing  in  fine  goldoi-yellow  scales,  and  containing  Cfifir 
It  is  a  very  stable  substance,  and  may  be  sublimed  vrithout  mmk  de- 
composition. The  same  body  is  present  in  rhubarb,  togetktr  witb 
emodm,  a  principle  closely  resembling  chrysophanic  add. 

Cochineal. — This -is  a  little  insect,  the  Ooocwa  cacfi,  which  tm 
on  several  species  of  cactus,  found  in  warm  climates,  and  coltinlti 
for  the  purpose,  as .  m  Oentrai  America.  The  dried  body  of  tke 
insect  yields  to  water  and  alcohol  a  magnificent  red  colouring  mittff, 
predpitable  by  alumina  and  oxide  of  tin :  carmme  is  a  preparalka « 
this  kind.  In  cochineal  the  colouring  matter  is  siwocintfd  with  *n- 
ral  inorganic  salts,  especially  phosphates  and  nitrogenoos  tohitnoa. 
Mr.  Warren  De  La  Rue,  who  has  published  a  very  elaborate  iivw- 
ligation  of  cochineal,*  has  separated  the  pure  colouring  Butt^ 
whidi  he  calls  carmimc  add,  by  the  fbllowiog  prooeai.  Tk 
aqueous  decoction  of  the  insect  is  precipitated  by  acetate  of  ksd,  ad 
the  impure  carminate  of  lead  washed  and  decomposed  by  bjdts- 
sulphuric  add:  the  colouring  matter  thus  separated  is  submitted 
again  to  the  same  treatment.  A  solution  of  carmimc  add  if  tks 
obtained,  which  is  evaporated  to  dryness,  redissolred  in  shfotoie 
alcohol,  and  digested  with  crude  carminate  of  lead,  wbeieby  s  ovQ 
quantity  of  phosphoric  add  is  separated,  and  lastly  mised  vitk 
ether,  which  separates  a  trace  of  a  nitrogenous  substance;  1^ 
residue  now  obtained  on  evaporation  is  pure  carminic  add.  It  ii  > 
purple-brown  mass,  yielding  a  fine  red  powder,  soluble  in  w«tci*» 
alcohol  in  all  proportions,  slightly  soluble  in  ether.  It  is  w^ 
without  decomposition  in  concentrated  sulphuric  acid,  but  th^ 
attacked  by  chlorine,  bromine,  and  iodine,  which  diange  its  coki^ 
to  yellow.  It  resists  a  temperature  of  276'' •  8  ( 136^0),  but  is  cbsfw 
when  heated  more  strongly.  Carminic  add  is  a  feeble  add.  i^ , 
composition  of  the  substance,  dried  at  248f  (120^),  is  reprei*» 
by  C^gHi^O,,,  which  formula  is  corrx>borated  by  the  analysis  tf  < 
copper  compound,  CuCC^^O,^ 

By  the  action  of  nitric  acid  upon  carminic  add,  together  ^ 
oxalic  acid,  a  splendid  nitrogenetted  add,  crystallizing  in  J^ 
rhombic  plates,  is  obtained.  This  substance,  to  which  the  Dtfi> 
nitrocoocusic  acid  was  given,  is  bibasic :  it  contains  Ci^fifixm^ 
It  is  soluble  in  cold,  more  so  in  boiling  water,  and  readilv  soluble  > 
alcohol  and  ether.  Nitrococcusic  acid  is  evidently  derived  mun  s  b** 
nitrogenous  compound,  in  which  part  of  the  hydrogen  is  replao^  "J 
the  elements  of  hyponitric  add.  Like  the  substances  of  this  clsf*r  "^ 
explodes  when  heated. 

In  the  mother-liquor,  from  which  the  carminic  acid  has  beoi  sep** 
rated,  Mr.  Wanen  De  La  Rue  discovered  a  white,  cryatalline,  d|^ 
genous  substance,  for  which  he  established  the  fbrmola  CuHu^^r 
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Thii  aubstanoe  is  identical  with  tyrosine,  which  will  be  mentioned  in 
the  aection  on  Animal  Chemistrj. 

Madder. — The  root  of  the  Bvbia  ttnctorum,  cultivated  in  southern 
France,  the  Levant,  &c,  is  the  most  permanent  and  valuable  of  the  red 
dyeHBtufls.  In  addition  to  several  yellow  colouring  matters,  whidi 
are  of  little  importance  for  the  purposes  of  the-  dyer,  madder  contains 
two  red  pigments  which  are  called  cUizarin  and  ptirpurin.  These  sub- 
stanoes  have  been  the  subject  of  very  extensive  researches  by  Debus, 
Higgins,  and  especially  by  Schunck.  The  latest  papers  on  madder  have 
been  published  by  Wolff  and  Strecker,  whose  formulse  are  quoted  in  the 
following  abstract. 

AiiZARiN. — ^The  aqueous  decoction  of  madder  is  precipitated  by 
solphnric  add,  and  the  precipitate  washed  and  boiled  with  sesqui- 
chloride  of  aluminum,  which  dissolves  the  red  pigments :  an  insoluble 
hix>wnish  residue  remaining  behind.     The  solution,  when  mixed  with 
hydrochloric  add,  yields  a  predpitate  consisting  chiefly  of  alizarin, 
however,  still  contaminated  with  purpurin.     The  impure  alizarin  thus 
obtained  may  be  further  purified  by  again  throwing  down  the  alcoholic 
solution  widi  hydrate  of  alumina,  and  boiling  the  precipitate  with  a 
concentrated  solution  of  soda,  which  leaves  a  pure  compound  of  alu> 
roina  and  alizarin  behind.     From  this  the  alizarin  is  separated  by 
hydrochloric  acid  and  recrystallized   from  alcohol.      Pure  alizarin 
crystallizes  in  splendid  red  prisms,  which  may  be  sublimed.     It  is 
but  slightly  soluble  in  water  and  in  alcohol,  but  dissolves  in  con- 
centratai  sulphuric  acid  with  a  deep-red  colour.    On  addition  of  water, 
the  colouring  matt^  is  repredpitated  unchanged.     It  is  also  soluble 
in  alkaline  liquids,  to  which  it  imparts  a  magnificent  purple  colour. 
It  is  insoluble  in  cold  solution  of  alum.     Alizarin  is  the  chief  colour- 
ing matter  of  madder:   it  contains  C^fifl^+^ROf  and  is  a  feeble 
arid:  a  few  definite  compounds  with  mineral  oxides  have  been  pre- 
pared, among  which  a  lime-compound,  2C^fif,HC9O-\-^B.0,  may 
be  quoted.     The  action  of  nitric  acid  upon  alizarin  gives  rise  to  the 
formation  of  oxalic  add  and  phthalic  acid,  a  substance  which  will  again 
be  mentioned  among  the  products  of  decomposition  of  naphthalin. 

OwftOe  +  2H0  +  80  =  C40„2HO  +  C^fifl,, 

Alizarin.  Phthalic  add. 

PUBPUBIN. — Madder  is  allowed  to  ferment  and  then  boiled  with 
a  strong  solution  of  alum.  The  solution,  when  mixed  with  sulphuric 
acid,  yields  a  red  precipitate,  which  is  purified  by  recrystallization 
from  alcf^ol.  Purpurin  thus  obtained  crystallizes  in  red  needles, 
which  contain  Cififi^+2UO,  i,  e,,  2  eq.  of  carbon  less  than  ali- 
zarin. When  treated  with  nitric  add,  purpurin,  like  alizarin,  fur- 
nishes oxalic  and  phthalic  acids.  Purpurin  likewise  contributes  to  the 
tinctorial  properties  of  madder,  but  less  so  than  alizarin.  Together 
with  alizarin  and  purpurin  several  other  substances  occur  in  madder, 
among  which  may  be  noticed  an  orange  pigment,  niiiocm,  convertible 
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bf  oxidishig  agents  into  a  peculiar  add,  rubiaeks  acid,  a  jcUov  p^ 
inent,  xanUdn,  a  bitter  principle,  rufrtan,  fogar,  pectic  aoid,  and 
resins,  &c 

Qarancm  is  a  oolooring  material,  which  is  produeed  by  the 
of  snlphoric  add  upon  madder.    This  substance  prMncwsui  s 
tioctorial  power  than  madder  itsdf. 

The  beautiful  ISirkey  red  of  ootton  doth  is  a  madder-^oloiir:  it  it 
given  by  a  rery  complicated  prooeas,  the  theory  of  which  is  not  j«t 
perfectly  elucidated. 

Safflower. — ^This  substance  contains  a  yellow  and  a  red  eofem^ 
ing  matter,  the  latter  bemg  insoluUe  in  water,  but  soluble  in  aJkaike 
liquids.  The  safflower  may  be  exhausted  with  water  acidnlatnd  with 
acetic  add,  and  the  solution  mixed  with  acetate  of  lead,  and  fiHeied 
from  the  dark-coloured  impure  predpitate.  The  lead  compound  «f 
the  yellow  pigment  may  then  be  thrown  down  by  addition  of  am* 
monia,  and  decomposed  by  sulphuric  add.  In  its  purest  farm  As 
yellow  matter  oonstitutes  a  deep  yellow,  uncryBtdlisablei,  and  vbj 
soluble  substance,  rery  prone  to  oxidation.  In  its  lead-compoond  It  }m 
probably  the  composition  C^H^O,,. 

The  red  matter  or  carthamm  is  obtained  from  the  resSdoal  aaffiover 
by  a  dilute  solution  of  carbonate  of  soda;  pieces  of  cotton  wool  an 
immersed  in  the  liquid,  and  acetic  add  gradually  added.  The  driei 
cotton  is  then  digested  in  a  fresh  quantity  of  the  alkaline  solntko, 
and  the  liquid  supersaturated  with  dtric  add,  which  throws  dewa 
the  carthamin  in  carmine-red  flocks.  It  forms,  when  pure  and  diy, 
an  amorphous,  brilliant,  green  powder,  nearly  insoluble  in  water,  bat 
soluble  in  alcohol  with  splendid  purple  colour.    It  contains  C,^H,Oy. 

BrazU^icood  and  iogtoood  giro  red  and  purple  infbmons,  whidi  sie 
lai^ly  used  in  dyeing :  the  colouring  prindple  of  logwood  is  termed 
hematoxylin,  and  has  been  obtained  in  crystals.  This  substance  ceo- 
tains  Cg2H,40|^  Adds  brighten  thoK  colours,  and  alkalis  render  tlw 
poiple  or  blue. 

Among  ydlow  dyes,  quercUron  hark,  fitsHc'tDOod,  and  aaffrtm  msjr 
be  mentioned,  and  also  twjnerio:  these  all  give  yellow  infu^on  to 
water,  and  furnish  more  or  less  permanent  colours. 

Purree  or  Indian  yelUw,  a  body  of  unknown  origin,  used  in  wato^ 
colour  painting,  aocoiding  to  the  researches  of  Stenhouse  and  Erdmana, 
is  a  compound  of  magnesia  with  a  substance  termed  purreic  or  tfwran- 
tkic  acid.  The  latter,  when  pure,  ciystallizes  in  nearly-colouriev 
needles,  sparingly  soluble  in  cold  water,  and  of  sweetish-bitter  taste. 
It  forms  ydlow  compounds  with  the  aUodis  and  earths,  and  fa  deooM- 
posed  by  heat,  with  production  of  a  neutral  crjstalline  subliniate, 
purrenone  or  euaxmthone,  Purreic  add  contains  Cf^i^O^,,  purrenone 
C„H404.  By  the  action  of  chlorine,  bromine,  and  nitric  add,  a  seritt 
of  substitution-products  are  formed. 

Frangulin,  CisH^Oc,  from  Bhanmus  frangula,  crystallises  In  scales 
resembling  chrysoplumic  add.    The  action  of  nitric  add  converts  firsn- 
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^ulin  into  a  nitro-compound,  laid  to  contain  C^^{Sfi^  rerj  similar 
to  chrysammic  acid,  to  be  notioed  furtiier  on.  « 

MoRiNDiN,  CnH,50i5,  yellow  crystalline  colouring  matter,  oocor- 
ring  in  the  root  of  Mormda  citr^oUa,  which  is  called  Sorcmjee  in  the 
£>ist  Indies.  When  heated  it  is  converted  into  a  beautiful  crystalline 
body,  morindony  containing  C^^fi^^ 

AJUMs, — Certain  of  the  products  of  the  action  of  nitric  acid  upoo 
cUoes  resemble  very  much  some  of  the  deriyatives  of  indigo,  without, 
however,  it  seems,  being  identical  with  them.  Powdered  aloes,  heated 
for  a  considerable  time  with  excess  of  moderately-strong  nitric  acid, 
yields  a  deep-red  solution,  which  deposits  on  cooling  a  y^low  crystal- 
line mass.  This,  purified  by  suitable  means,  constitutes  chryaammic 
acid :  it  crystallizes  in  golden-yellow  scales,  which  have  a  bitter  taste, 
and  are  but  sparingly  soluble  in  water.  Its  potassa-salt  has  a  car- 
mine-red tint,  and  exhibits  a  green  metallic  lustre,  like  that  of  murexide. 
The  formula  of  chrysammic  acid  is  not  perfectly  established.  It  is 
probably  C,4HN20|iHO.  Liice  picric  acid,  it  yields,  with  chloride  of 
lime,  cMoropicrin.  The  mother-liquor  from  which  the  chrysammic 
acid  has  been  deposited  contains  a  second  add,  the  chryaokpicy  which 
also  forms  golden-yellow,  sparin^^y-soluble,  scaly  crystals.  The  potassa- 
salt  tbrms  small,  yellow  prisms,  of  little  solubility.  It  explodes  by 
heat.  Chrysoiepic  acid  contains  CiAN,0,^HO :  it  is  said  to  be  iden- 
tical witli  picric  add. 

To  these  may  be  added  the  stypknio  acid,  described  by  MM.  Boettger 
and  Will,  produced  by  the  action  of  nitric  add  of  sp.  gr.  1*2  upon 
asaafcBiida  and  several  other  gnm-redns  and  extracts.  Purree,  when 
treated  with  excess  of  nitric  acid,  likewise  yields  styphnic  ackL  It 
crystallizes,  when  pure,  in  slender,  yellowish-white  prisms,  sparingly 
iioluble  in  water,  readily  dissolved  in  alcohol  and  ethei*.  It  has  a 
purely  astringent  taste,  and  stains  the  skin  yellow.  By  a  gentle  heat  it 
melts,  and  on  cooling  becomes  crystalline ;  suddenly  and  strongly  heated, 
it  bums  like  gunpowder.  It  also  furnishes  chloropicrin.  The  salts  of 
this  substance  mostly  crystallize  in  orange-yellow  needles,  and  explode 
with  great  violence  by  heat.  Stjrphnic  acKl  contains  C,2H(N,0uH0, 
i .  e^  picric  add  -f  2  eq.  of  oxygen. 

Aniline  oolour. — Aniline  has  during  the  last  few  years  found  an 
extensive  application  in  the  arts,  a  long  series  of  colouring  matters 
unequalled  in  brilliancy  and  beauty,  having,  by  the  action  of  different 
oaddizing  agents,  been  produced  from  it.  It  was  Mr.  W.  Perkin  who  had 
first  the  happy  idea  of  applying  practically  the  well-known  property 
possessed  by  aniline,  of  forming  violet  and  blue  solutions  when  treated 
wiUi  a  solution  of  chloride  of  lime  or  chromic  acid.  He  succeeded  in 
fixing  these  colours,  and  bringing  them  into  a  form  adapted  for  the 
dyer.  We  will  here  notice  some  of  the  most  important  of  these 
colouring  matters. 

Anilins-pcjrplb,  UAUys.— According  to  Mr.  Perkin,  mauve  is 
prepared  by  mixing  solutions  of  sulphate  of  aniline  and  bichromate  of 
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potjun  in  equivalent  proportioni^  and  allowing  the  miztiire  to  utaiid 
for  Deveral  hoon^  the  black  precipitate  formed  is  61tered  off  and 
parified  from  admixed  sulphate  of  potassa  by  washing  with  water :  it 
is  then  dried  and  freed  from  resinous  matter  by  repeated  digestkin 
with  coal-tar  naphtha,  and  finally  dissolved  in  boiling  alcoboL  For 
its  ftirther  purification,  the  alcoholic  solution  is  evaporated  to  drjnesB, 
the  substance  dissolved  in  a  large  quantity  of  boiling  water,  l%pn- 
cipitated  with  caustic  soda,  washed  with  water,  dissolved  in  alcolid, 
filtered,  and  evaporated  to  dryness.  Mauve  thus  prepared  fbnns  a 
brittle  substance,  having  a  beautiful  bronze-colouitvi  surface:  it  is 
difficultly  soluble  in  cold  water,  although  it  imparts  a  deep  purple 
colour  to  that  liquid  :  it  is  more  soluble  in  hot  water,  very  soluble  in 
alcohol,  nearly  insoluble  in  ether  and  hydrocarbons.  Mauve  dissolves 
in  concentrated  acetic  acid  from  which  it  crystallizes :  its  oompoeitiofi 
is  not  yet  known. 

Akiline-RED,  ROSANILINE. — ^This  substance  occurs  more  or  less  pure 
in  commerce  under  the  names  roseine,  fuchsine,  magenta,  cucUeme^  &c 
A  red  colour  had  been  observed  at  difierent  times  in  scientiBc  le^ 
searches,  more  especially  when   aniline  was  digested   with   Dnti^ 
liquid.     The  red  colouring  matter,  though   still  impure,  was    fiiu 
obtained  in  a  separate  state  from  the  product  formed  by  digesting  aniline 
with  bichloride  of  carbon  at  302°,  in  which  reaction  it  is  formed^ 
together  with  cyantriphenyldiamine.     It  was  M.  Yerguin  who  fi^st 
prepared  it  upon  a  large  scale  by  the  action  of  bichloride  of  tin  upon 
aniline.     Since  that  time  it  has  been  produced  by  the  action  of  mercvij 
salts,  arsenic  add,  and  many  other  oxidizing  agents  upon  aniline. 
The  most  advantageous  mode  of  preparation  is  the  following: — A 
mixture  of   12   parts   of   the   dry   hydrated    arsenic    acid,   which 
occurs  in  commerce,  and   10  parts  of  aniline,  is  heated  to  25(P 
or   280**  (120°  or   140°C)  for  about   six    houre:    a    little   water 
may  be  added  with  advantage.     The  product,  which  is  a  hanl  mass 
possessing  the  lustre  of  bronze,  is  dissolved  in  hot  water  and  pre- 
cipitated by  a  slight  excess  of  soda;  the  precipitate  when  washed 
with   water,  and  dissolved    in    acetic    acid,   forms  the   roeeine  of 
commerce.      In  order  to  purify  this  still  crude  substance,  it  is  boil«d 
with  an  excess  of  soda  to  separate  any  aniline  which  it  may  contain : 
the  washed  precipitate  is  dissolved  in  very  dilute  mineral  acid,  filtovd 
from  undissolved  tarry  matter,  and  reprecipitated  with  alkali.     The 
compounds  of  rosaniline  with  1  eq.  of  acid  are  beautifully  crystal- 
lized substances,  which  in  the  dry  state  possess  a  greoi  coloar'with 
golden  lustre ;  with  water  they  furnish  a  very  intoisely  coloured  red 
solution.     The  free  base,  firet  obtained  by  Mr,  Nicholson,  presents 
it»!elf  in  colourless  crystalline  plates,  insoluble  in  water,  soluble  in 
alcohol  and  ether,  with  a  red    colour  which  they  also  acquire  on 
exposure  to  the  nir.     Rosaniline  in  the  anhydrous  state  is  represented 
by  the  formula  CfoHjpN,,  and  in  the  hydrated  state,  such  as  it  assumes 
when  isolated  from  its  compounds,  by  the  formula  C4oH,pN„2HO.     It 


ANILINE  OOLOUB.  678 

Ib  a  triamioe  capable  of  combining  with  one,  two,  or  Uiree  equivalents 
of  acid.  The  aniline  reds  of  comnierce  are  saline  compounds,  more 
or  less  pore,  of  rosaniline  with  1  eq.  of  acid.  The  acetate,  which  is 
chiefly  found  in  commerce  in  England,  has  been  prepared  by  Mr. 
NicholBon  in  splendid  crystals  of  very  considerable  dimensions,  having 
the  composition  QoHigK^jC^H^Of.  In  France  the  chloride  is  chiefly 
employed ;  its  formula  is  C^JHigNg^HCl.  The  action  of  sulphide  oif 
ammonium  upon  rosaniline  gives  rise  to  a  base,  leuoaniliM,  C^qH^jN,, 
which  contains  two  additional  equivalents  of  hydrogen.  This  base  is 
itself  colourless,  and  forms  colourless  salts  containing  3  eq.  <^  add, 
auch  as  C4oH2,Ny3HCl.     Oxidizing  agents  reproduce  rosaniline. 

Aniune-yellow,  CHRT8ANILIME. — In  the  preparation  of  aniline- 
red  a  considerable  quantity  of  secondary  products  is  produced,  from  which 
Mr.  Nicholson  haa  succeeded  in  extracting  a  yellow  colouring  matter. 
This  substance,  which  has  been  called  chrysaniline,  contains  C^^i^N,: 
it  is  also  a  well-defined  base,  forming  two  series  of  salts,  the  majority 
of  them  being  very  well  crystallized.  The  two  hydrnchlorates  of 
chrysaniline  are  C^„N„HC1,  and  C^„N„2HC1.  The  nitrate  of 
dirysaniline  is  so  insoluble  in  water  that  nitric  acid  may  be  pre- 
cipitated even  from  a  dilute  solution  of  nitrates  by  means  of  the  more 
soluble  hydrochlorate  or  acetate  of  chrysaniline.  Chrysaniline  is 
intimately  related  to  rosaniline  and  leucaniline,  differing  from  the 
former  bj  2  and  from  the  latter  by  4  eq.  of  hydi'ogen. 

Chrysaniline  .  .  •  C4^i;N, 
Rosaniline  •  .  .  C^oHiyN, 
Leucaniline         .        .        .    C^^^Hg^Ng. 

Aniline-blue. — MM.  Girard  and  De  Laire,  obtained  this  colour 
by  digesting  rosaniline  with  an  excess  of  aniline  at  300°  to  320° 
(150  — 160°C).  Together  witJi  aniline-blue,  which  is  the  principal 
product  of  the  reaction,  several  other  colouring  matters  (violet  and 
green)  and  indifferent  substances  are  foiined,  considerable  quantities  of 
ammonia  being  invai'iably  evolved.  The  crude  blue  is  purified  by 
treating  it  successively  with  boiling  water,  acidified  with  hydrochloric 
add  and  with  pure  water.  The  blue  colouring  matter  is  said  to  be 
obtained  from  its  boiling  alcoholic  solution  in  brilliant  needles.  It  has 
not  yet  been  analyzed. 

Chinoune-blue,  ctanine. — The  action  of  iodide  of  amy]  upon 
chinoline  (see  page  647)  gives  rise  to  iodide  of  amylchinoline,  C^H„NI. 
Addition  of  an  excess  of  soda  to  an  aqueous  solution  of  this  iodide  pro- 
duces a  black  resinous  precipitate  which  dissolves  in  alcohol  witii  a 
inagnificent  blue  colour.  This  precipitate  is  the  iodide  of  a  new  base, 
discovered  by  Mr.  G.  Williams,  which  has  been  called  cyanine.  The 
colour  of  this  body  is  unfortunately  very  fugitive.  According  to 
ncent  rese.urches,*  the  formation  of  the  new  iodide  is  represented  by 
the  following  equation ; — 

2(C^,.NI)  =  C«|H„NI  +  HI. 

*  Hoftoann,  ConipL  Bend.,  Iv.,  849. 

2  Z 
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On  allowing  an.  alcoholic  solntion  of  iodido  of  cysniae  to  eTa|»i«i« 
spontanaousl;^  the  iodide  separates  in  fine,  welMereloped  crystals 
Iodide  of  cyanine,  when  submitted  to  distillation,  aplita  into  dunoliac, 
iodide  of  amjl,  and  am jlene. 

C«H,.NI  =  2(CsH„N)  +  C,fiJ  +  C„H^ 

Cyanine  combines  with  1  or  2  eq.  of  add.  The  monadd  salts  diaoire 
in  water  or  alcohol  with  a  deep  bloe  coloor,  and  fbrnoy  in  the  aoSd 
state,  green  golden  Instrous  crystals.  The  diacid  salts  are  ooUmios 
or  yellow  crystalline  sabstanoes,  and  yield  clear  colourless  solntioBx. 

Many  attempts  have  been  made  to  use  chinoline  blue  in  dyeing:  tter 
hare,  however,  up  to  the  present  moment  failed,  on  aasount  of  the 
in8tiU>ility  of  the  colour. 

The  deportment  of  lepldine,  under  the  influence  of  iodide  ofua,j\  ii 
similar  to  that  of  chinoline. 
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The  Tolatile  oils  of  the  vegetable  kingdom  are  exceedingly  numeroas  ; 
thef  are  secieted  bj  plants,  and  confer  upon  their  flowers,  fruitn, 
leaves,  and  wood  their  peculiar  odours.  These  substances  are  mostly 
procured  by  distilling  the  plant,  or  port  of  the  plant,  with  water :  their 
points  of  ebullition  almost  always  lie  above  that  of  water ;  nevertheless, 
at  212^  (lOO^C)  the  oils  emit  vapour  of  very  considerable  tension, 
whidi  is  canied  over  mechanically,  and  condensed  with  the  steam. 
The  milky  or  turbid  liijuid  obtained,  when  left  at  rest,  separates  into 
dl  and  water.  Sometimes  the  oil  is  heavier  than  tiie  water,  and  sinks 
to  the  bottom :  sometimes  the  revei'se  happens. 

The  volatile  oils,  when  pure,  are  colourless ;  they  very  frequently, 
however,  have  a  yellow,  and,  in  rarer  cases,  a  green  colour,  from  the 
presence  of  impurity.  The  odour  of  these  substances  is  usually 
powerful,  and  their  taste  pungent  and  burning.  They  resist  sajjoni- 
fication  completely,  and  when  exposed  to  the  air  fi-equently  broome 
altered  by  slow  absorption  of  oxygen,  and  assume  the  character  of 
resins.  They  mix  in  all  proportions  with  fat  oils,  and  dis&olve  fi-eely 
both  in  ether  and  alcohol :  from  the  latter  solvent  they  are  precipitated 
by  the  addition  of  water.  As  already  mentioned,  the  Tolatile  oils 
communicate  a  greasy  stain  to  paper,  which  disappears  by  warming ; 
by  this  character  any  adulteration  with  fixed  oils  can  be  at  once  de- 
tected. A  solid  crystalline  matter  very  frequently  sepai'ates  from  these 
bodies ;  it  bears  the  general  name  of  stearoptene. 

The  essential  oils  may  be  conveniently  divided  into  three  classes : 
▼12.,  those  consisting  of  carbon  and  hydrogen  only ;  those  consisting  of 
carbon,  hydrogen,  and  oxygen  ;  and  those  containing  in  addition  sol- 
phar  and  nitrogen. 

OUa  composed  of  Carbon  and  Hydrogen* 

Oil  or  essence  op  turpentiw. — ^This  substance  may  be  taken 
as  the  type  or  representative  of  the  class :  it  is  obtained  by  distilling 
with  water  the  soil  or.  semi-fluid  balsam  called  in  commerce  crude  tur^ 
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pentiiif  which  exudes  from  Tarious  pines  and  6rs,  or  flovs  finos 
wounds  made  for  the  purpose  in  the  wood.  The  solid  prodoct  Jdt 
after  distillation  is  common  rosin.  Oil  of  turpentin,  when  fcntiMr 
purified  by  rectification,  is  a  thin,  colourless  liquid,  of  powerfti  aad 
well-known  odour :  its  densitj  in  Use  liquid  state  is  0*865,  and  that  d 
its  Tapour  4-764 :  it  boils  at  312°  (155°*5C).  In  water  it  dianlm 
to  a  small  extent,  and  in  strong  alcohol  and  ether  much  more  frerij; 
with  fixed  oils  it  mixes  in  all  proportions.  Strong  sulphuric  acid  chin 
and  blackens  this  substance;  concentrated  nitric  add  and  chkirinf 
attack  it  with  such  violence  that  iufiammatioo  sometimes  ensnesL 

Oil  of  turpentin  is  composed  of  C^H^  or  CtoHj^ 

With  hydrochloric  add  the  oil  forms  a  curious  ocmpoand,  whkk 
has  been  called  artificial  camphor,  from  its  r«semblance  in  odour  and 
a{^)earance  to  that  substance.  It  is  prepared  hj  passing  dry  bydro- 
cbloric  add  gas  into  the  pure  oil,  cooled  by  a  freezing  mixture.  After 
some  time,  a  white  crystalline  sub^tanoe  separates,  which  may  be 
strained  from  the  supernatant  brown  and  highly  add  liquid,  and  pori- 
fied  by  alcohol,  in  which  it  dissolves  very  fredy.  This  substance  is 
neutral  to  test-paper,  does  not  afiect  nitrate  of  silver,  and  sablxmes 
without  much  decomposition :  it  contains  CJi^^CHt  or  perhaps 
G|oHmHC1.  The  dark  mother-liquor  contains  a  somewhat  siinilar, 
but  nuid  compound.  Different  spedmens  of  oil  of  turpentin  yidd 
very  variable  quantities  of  these  substances,  which  may,  po'haps, 
arise  from  the  coexistence  of  two  very  similar  and  isomeric  oils  in  the 
ordinary  article.  When  these  hydrodilorates  are  decomposed  by 
tillatlon  with  lime,  they  yield  liquid  oily  products  differing  in 
particulars  from  the  original  oil  of  turpentin,  but  having  the 
composition  as  that  substance.  That  from  the  solid  has  received  the 
name  of  camphylene,  and  that  from  the  liquid  compound  tereb^eiu. 
The  hypothetical  and  non-isolable  modifications  of  the  oil  supposed  to 
exist  in  the  solid  and  liquid  camphor  are  termed  respectively  can^oktm 
and  terebene. 

Another  isomeric  compound,  cohpHene,  is  produced  by  distilling  dl 
of  turpentin  with  concentrated  sulphuric  add.  It  is  a  viadd,  oily, 
colourless  liquid,  of  high  boiling-point,  and  exhibiting  by  reflected 
light  a  deep-bluish  tint, — a  phenomenon  often  remark^  in  bodies  ni 
this  class. 

Bromine  and  iodine  also  form  compounds  with  oil  of  turpentin. 

Oil  of  turpentin  is  very  largely  used  in  the  aits,  in  painting,  and  as 
a  solvent  for  resins  in  making  varnishes. 

Bottles  in  which  recti 6ed  oil  of  turpentin,  not  purposely  rendered 
anhydrous,  has  been  preserved,  are  often  studded  in  the  interior  with 
groups  of  beautiful,  colourless,  prismatic  crystals,  whidi  form  sponta- 
neously. These  have  the  composition  of  a  hydrate  of  dl  of  turpentin. 
These  crystals  contain  <''^,«6H0. 

Oil  of  lemons  is  expressied  from  the  rind  of  the  fruit,  or  obtained 
by  distillation  with  water.    This  oil  di^'s  very  much  from  the  last 
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in  odoar,  but  closely  reieinbles  it  in  other  respects.  It  lias  the  same 
composition  as  oil  of  turpentin,  and  foims  with  hydrochloric  acid  two 
oompoands,  one  solid  and  crystalline,  the  other  fluid.  The  solid  con- 
tains CgoHie,2HCl. 

The  oils  of  orangC'peely  bergamot,  pepper,  cubebs,  juniper,  capki, 
eiemi,  the  ianrei-oil  of  Guiana,  the  East-Indian  grasa-oil,  and  the  prin- 
cipal part  of  oil  of  hop,  are  hydrocarbons,  isomeric  with  the  oils  of 
torpentin  and  lemons. 

EsaenHdl  Oik  containing  Oxygen, 

The  essential  oils  containing  oxygen  are  very  nnmerons,  and,  in  iket) 
make  np  the  great  bulk  of  the  bodies  of  this  class  employed  in  medicine 
and  perfumery.  They  are  seldom  homogeneous,  and  in  consequence  do 
not  often  exhibit  flzed  boiling-points.  Some  of  these  oils  have  been 
made  the  subjects  of  careful  chemical  researches,  but  many  yet 
require  examination.  Three  of  the  most  interesting,  yiz.,  those  of 
bitter  almonds,  cinnamon,  and  the  Spircea  tUmaria,  have  been  already 
described. 

Oil  of  aniseed. — The  oil  distilled  from  the  fruit  of  the  Pimpp- 
neUa  anisftm  consisfs  of  two  substances,  one  of  which  is  a  fluid  oil, 
and  the  other  a  solid  crystalline  substance,  so  abundant  as  to  cause  the 
whole  to  solidify  at  the  temperature  of  50°  (10°C^.  By  pressure 
between  folds  of  bibulous  paper,  and  crystallisEation  from  alcohol,  the 
solid  eiisence  may  be  obtained  pure.  It  forms  colourless  pearly  plates, 
more  fragrant  than  the  crude  oil,  which  melt  when  goitly  heated,  and 
distil  at  a  high  temperature.  It  contains  C2oHt202.  This  substance 
is  attacked  energetically  by  chlorine,  bromine,  and  nitric  acid  :  it  com- 
bines  with  hydrochloric  acid,  but  is  unaflected  by  solution  of  caustic 
potassa.  With  bromine  the  solid  essence  yields  a  white  inodorous 
crystallizable  compound,  bromanisal,  containing  CjoCHgHr^jO,.  The 
action  of  chlorine  is  more  complex,  several  successive  compounds  being 
produced.  With  sulphuric  acid  two  products  are  obtained,  a  com- 
pound acid  analogous  to  snlphovinic  acid,  and  a  white,  solid  neutral 
substance,  aniadn,  isomeric  with  the  essence. 

The  products  of  the  action  of  nitric  acid  vary  with  the  strength  of 
the  acid  employed;  the  most  important  are  hydride  of  anisyl;  anisic 
acidy  a  mibstance  very  much  resembling  salicylic  acid  in  propeiiies, 
sparingly  soluble  in  cold  water,  freely  in  alcohol  and  ether  :  nitranisic 
add,  a  yellowish- white,  crystalline,  sparingly-soluble  powder ;  and 
nitraniside,  a  resinous  body  produced  by  fuming  nitric  acid. 

The  hydride  of  anisyl  in  a  pure  state  is  a  yellowish  oily  liquid, 
having  an  aromatic  odour  of  hay:  it  is  heavier  than  water,  and  boils 
at  400°  (204°'  5C).  Caustic  potassa,  concentrated  and  boiling,  slowly 
decomposes  it :  with  fused  hydrate  of  potassa,  it  is  instantly  converted 
into  anisic  acid  with  disengagement  of  hydrogen ;  air  and  oxidizing 
agents  in  general  produce  the  same  effect.     Ammonia  forms  with  it  a 
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crystalline  compound  analogous  to  hydrobenzamide.  Hydride  of  aUvjl 
contains  CieHgO^.  This  body  exhibits,  with  an  alcoholic  solatioe  of 
potassa,  the  same  deportment  as  hydride  of  boizoy]  (see  page  643) :  it 
is  converted  into  a  mixture  of  anisate  of  potassa  and  a  crystal  line^  body, 
which,  when  purified  by  distillation,  boils  at  482<'  (250^C).  The 
composition  of  this  compound,  which  may  be  viewed  aa  the  alcdial  e( 
anisic  acid,  is  representcKl  by  the  formula  CJfi^fi^, 

Anisic  acid  contains  C|4H705,HO»  t.  e.,  hydride  of  anisyl  and  2  eq. 
of  oxygen.  When  heated  with  an  excess  of  lime  or  baryta,  it  8o0en  a 
decomposition  analogous  to  that  of  benxoic  and  salicylic  acids,  losii^  3 
eq.  of  carbonic  Rcid,  and  being  converted  into  an  oxygenated  oil,  boil- 
ing at  302°  (150°C),  to  which  the  name  anisol  has  b«en  given. 

C,,HA.HO  +  2CaO  =  2(CaO,qO^  +  CugA- 
Anisic  acid.  Anisol. 

The  action  of  nitric  acid  upon  anisol  gives  rise  to  the  fonnatioo  of 
three  substitution-products,  nitro-,  binitro-,  and  trinitro-anisol,  tke 
former  of  which  is  a  liquid,  while  the  two  latter  are  crystalline  solklsw 
They  contain  respectively  CmCHjNO^)©,;  C„(^Hj;N04]a)0,,  and 
^uC^AC^^AlaX^f  Treated  with  sulphuretted  hydit^en  these  sub- 
stances are  converted  into  three  organic  bases,  anisidine  Cj^H^Op 
nitranisidine  Ci4(HjN04)NO„  and  binitranisidine  C,4(H,[N0Jj)S(y 

Nitranisic  acid  is  the  nitroHsubstitute  of  anisic  acid:  it  oontaiiis 
Cj.(H,NO,),0„HO. 

The  solid  portion  of  oils  of  bitter  fennel  and  badian  is  identical 
with  that  of  oil  of  aniseed.  The  6uid  component  of  the  fennel-oil  is 
isomeric  with  the  oil  of  turpentin. 

Draconic  acid,  obtained  by  the  action  of  nitric  add  upon  the  oil  of 
Artemisia  dracimcuUus,  is  identical  with  anisic  acid. 

The  various  substances  belonging  to  this  group  are  homologous  with 
the  members  of  the  salicyl-series,  described  in  the  former  part  of  the 
Manual  (see  page  559},  as  may  be  seen  from  the  following  com- 
parison : — 

Salicylous  acid  Ci^H^O^  ;       C|«H,04  Hydride  of  anisyl. 

Salicvlic  acid     .     .  C|4  H«    O^;       C,,  H,  0,  Anisic  acid. 
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TrSnitrophenol  (Ni-j      e-a        \  m         \ 

trophenisic)  acid,}cj"»^  ^  [O,;  CJ Jt}fv  x  JO,  TrmitraiiiMl. 
Cai-Urotic  acid    J      ^^^^M  KK^^M 

C„  H,        NO,  AflisidiBe.' 

^4  NO      l^^s  Nitimnisidme. 

CiJHJq  V  |nO,  Binitmniadinc 

Oix.  OF  CUMIN  is  a  miztare  of  two  bodies,  separabk  in  great  mea* 
sore  by  distillation,  cymol,  a  liquid  hjJrocarbon,  containing  C^Hj^, 
the  most  volatile  portion  of  the  oil,  and  cuminoly  a  colourless  trans- 
parent oil,  of  powerful  odour,  easily  changed  in  the  air,  and  onlj  to 
be  distilled  in  a  current  of  cai'bonic  acid  gas.       Cuminol  contains 
C^HijO^  and  is   consequently    isomeric  with    the  solid    essence  of 
aniseed.     By  oxidation,  this  substance,  which  is  homologous  with  oil 
of  bitter  almonds,  yields  cwnio  add,  a  white,  fatty,  volatile  substance, 
inaolable  in  water,  having  but  little  odour,  and  crystallising  in  pris- 
matic tables.     It  contains  C^fiifi^j  HO  (see  homologues  of  benzoic 
acid,  page  555).    When  treated  with  an  alcoholic  solution  of  potassa^ 
cuminol  is  converted  into  cumate  of  potassa  and  an  oil,  boiling  at 
469^*4  (243^0),  containing  C^Hj^O,,  which  may  be  viewed  as  the 
alcohol  of  the  cumyl-series.      According  to  recent  researches  the  oil  of 
dcuta  vtroaa  is  identical  with  cumin  oil. 

Oil  of  thitme. — The  esoentiat  oil  of  Thymus  vuigaris,  like  cumin 
oil,  is  a  mixture  of  several  bodies,  from  which  a  cry.stalline  substance, 
fusible  at  lll°-2  (44°C),  and  boiling  at  446*^  (230°C),  may  be 
separated.  This  substance, 'M^mo/,  contains  C^j^O,,  and  is  thera- 
fore  isomeric  with  cumins-alcohol,  from  which  it  differa,  however,  by 
not  yielding  cumic  acid.  By  oxidation  with  binoxide  of  manganese 
and  sulphuric  acid,  thymol  is,  converted  into  a  volatile,  ci-ystalline 
body,  thymoyl,  C^H^^Of,  homologous  to  kinone  (see  page  574),  which 
it  resembles  in  its  properties  and  chemical  character.  The  oil  of  Pty^ 
chotis  atfowan  appears  to  be  identical  with  oil  of  thyme. 

Oil  of  rue. — The  principal  constituent  of  the  oil  of  Ihiia  graoeo- 
lens  is  the  compound  CjsHqOj.  It  may  be  separated  from  the  oil  by 
the  addition  of  bisulphite  of  soda  or  ammonia,  when  a  crystalline  com- 
pound, CsH2|0,NH40,2SO,+4  aq.,  is  formed,  which  may  be  puri- 
fied by  crystallization.  Treated  with  an  acid  this  compound  yields 
the  oil  in  a  stote  of  purity.  It  boils  at  415°  4  (213°0).  Cooled  to 
30°  or  28  •  5°  (  - 1°  or  — 2°C),  the  oil  solidifies  into  a  crystalline  mass. 
Oil  of  me  has  the  general  character  of  an  aldehyde.  Heated  with 
strong  nitric  acid,  carbon  is  eliminated  ;  capric  add,  pelargonic  acid, 
and  some  of  its  lower  homologues  being  formed. 

Oil  of  crdar-wood,  in  like  manner,  contains  two  substances,  a 
•olid  ciystalline  compound,  having  the  formula  CJi^fif,  and  a  vola^ 
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tile  liquid  hydrocarbon,  cedrene,  C,fl^t  which  can  also  be  oMiuned  by 
distilling  the  solid  with  anhydrous  phosphoric  acid. 

Oil  of  GAULTHERIA  pbocdmbens. — This  rery  renuirkable  sdb- 
8tanc^  is  known  in  comineroe  undei*  the  name  of  temter-gneeH  o3; 
it  consists  almost  wholly  of  a  definite  principle  which  distils  iiiichao|Hl 
at  435°  (223^*80),  and  contains,  aocoitiing  to  the  amalysb  sf 
M.  Cahours,  C^^HgO^.  When  mixed  with  dilute  caastic  potaaia,  it 
solidifies  to  a  crystalline  mass,  which  is  a  potaa«-salt,  from  which  the 
oil  may  be  separated  again  unchanged  on  addition  of  an  add.  WImb 
distilled,  however,  with  a  concentrated  solution  of  caustic  potassa,  tbt 
oil  of  gaultheria  is  i*e8olved  into  salicylic  acid  and  wood-qiirit ;  tins 
exactly  resembling  in  its  behaviour  the  compound  ethers  wbic^  have 
been  described  in  a  previous  section  of  the  Manual  (see  page  458^ 
This  oil  is,  in  fact,  a  veritable  compound  ether,  salioylate  cf  oxide  of 
methyl.  It  is  one  of  the  ethers  which  the  bifaasic  salieylic  aeid  is 
capable  of  forming :  that  is  salicylic  acid  in  which  one  of  the  equivaleBte 
of  water  is  replawd  by  oxide  of  methyl.  The  crystalline  potaasa-salt, 
formed  by  the  addition  of  potassa  to  saultheria-oil,  which  was  fomerly 
cal  led  goMWieraU  of  potcoBa,  n  salicylate  of  methyl  and  potassa.  Whea 
heated  in  sealed  tubes  with  iodide  of  methyl,  this  pofwsira  anlt  fiu^ 
Aishes  the  second  methyl-ether-compound  of  salicylic  add,  which  boils 
at  478° -4  (248°C). 

The  constitution  of  these  compounds  will  be  more  intelligible  by 
the  following  formola  :•— 

Salicylic  add  .        .        .        ^        .        C,4H404,2HO. 
Add  salicylate  of  potassa     .         .        .    Ci^H^OfyHO,  KO. 
Neutral  salicylate  of  potassa      .        •        Cy^Ufi^2K0. 

GwlthSa'df"^™*^^'      ■        '        •  KH.O.-HO.MK). 

S^<7l.to  of  methyl  »d  potw.  .        .  |c„HA.KO.M*0. 

Gaultherate  of  potassa      .        .        •       / 

Keutral  salicylate  of  methyl         .        ,    C,4H404,2MeO. 

With  ammonia  oil  of  gaultheria  yields  salicylamide,  CyfljSO^ 
sCifHjO^fNHs,  isomeric  with  anthranilic  acid  (see  page  664;,  which 
is  converted  by  fuming  nitric  add  into  the  nitro-substitute,  nitro-sali- 
cyUmide,  C)4'^^HfN04)04,NH^  crystallising  in  yellowish-white  needles. 
Gaultheria  oil  is  vsomeric  with  anisic  acid  (see  page  677),  and  yields 
by  distillation  at  a  high  temperature  with  anhydrous  lime  and  baryta, 
anitolf  Ci^HgOy  the  same  volatile  liquid  whidi  is  obtained  from  anisic 
acid  by  a  similar  process. 

Oil  of  valerian. — The  oil  obtained  by  distilling  valerian-root 
with  water  has  usually  a  visdd  consistence,  a  yellowish  colour,  and  a 
powerful  and  disagreeable  odour.     It  consists  of  at  least  three  jMrin- 


YOLATIUS  OIUS.  681 

ftipleB»  namely,  wUeric  {valerianic)  add,  bomeene  (see  camphor),  a 
Li^ht  volatile  liqcud  hydrocarboo,  much  resembling  and  isomeric  with 
oil  of  turpentin,  and  vaierol,  a  neutral  oily  body,  much  less  volatile 
tiian  th«  preceding,  of  feeble  odour,  and  convertible  by  oxidizing 
•geots  into  valeric  add.  It  contains  Cj^HioO,.  Bomeene,  under 
certain  circumstances  not  well  understood,  assimilates  the  elements  of 
water, 'and  yields  the  solid  camphor  of  Borneo,  or  bomeoi. 

Camphor. — Common  camphor  yields  a  good  example  of  a  concrete 
caaentiai  oU  ;  it  is  obtained  by  distilling  with  water  the  wood  of  the 
JxMurtis  eamphofra.  When  pure  it  forms  a  solid,  white,  crystalline, 
and  translaomt  mass,  tough,  and  diflicuU  to  powder,  and  having  a 
powerful  and  very  familiar  odour.  It  melts  when  gently  heated,  and 
boils),  distilling  unchanged  at  a  high  temperature.  It  slowly  sublimes 
at  the  temperature  of  the  air,  and  often  forms  beautiful  crystals  on  the 
aidea  of  bottles  or  jars  containing  it  exposed  to  the  light.  Camphor  is 
Terj  sparingly  soluble  in  water,  but  readily  soluble  in  alcohol,  ether, 
and  strong  acetic  acid.    It  contains  C^Hj^O,. 

By  the  action  of  nitric  acid  aided  by  heat,  camphor  is  gradually 
oxidized  and  dissolved  with  production  of  ccanphoric  acid:  this  sub- 
stance forms  small  colourless  needles  or  plates,  of  acid  and  bitter  taste, 
sparingly  soluble  in  cold  water,  and  containing  C2oH|40f,2HO.  It  melts 
when  heated,  and  yields  by  distillation  a  colourless  ci-ystalline,  neutral 
substance,  containing  C^Hj^O^  generally  termed  anhydrous  camphoric 
acid. 

When  camphorate  of  lime  Is  submitted  to  distillation,  it  yields  a 
volatile  oil  containii^  oxygen :  its  formation  and  consitution  are  similar 
to  that  of  acetone  (page  490)  or  benzophenone  (page  546).  This 
substance,  phorone,  contains  Cj^Hi^O,.  By  the  action  of  anhydrous 
phosphoric  add  it  loses  water,  and  furnishes  the  hydrocarbon  cumxA^ 
C|gH,2  (see  page  555). 

When  camphor  in  vapour  is  passed  over  a  mixture  of  hydrate  of 
potassa  and  quicklime  strongly  heated  in  a  tube,  it  is  resolved  with- 
out disengagement  of  gas  into  an  add  body  termed  camphoiio 
acid,  white,  crystalline,  and  sparingly  soluble  in  water,  containing 
C^H,,O,,H0.  By  distillation  with  anhydrous  phosphoric  acid,  this 
acid  gives  a  volatile  hydrocarbon,  camphoiene.  Camphor  itself,  by  a 
similar  mode  of  treatment,  yields  a  colourless  volatile  liquid,  C^H,^, 
formerly  called  oampfiogen^  but  since  found  to  be  identical  with  the 
hydrocarbon  cymol,  occurring  in  oil  of  cumin. 

Camphor,  when  heated  with  alcoholic  solution  of  potassa,  is  trans- 
formed into  Borneo  camphor,  C^U^fi^  and  camphinic  add,  C^fiifi^. 

2C„H„0,4.2HO  =  C^,80s+C«»H„0,. 

Camphor  thus  stands  to  Borneo  camphor  in  the  same  relation  as 
aldehyde  does  to  alcohol. 

The  camphor  of  Borneo,  procured  from  the  Dryobcdanops  camphora, 
contains  C^^HigO, :  it  ix  accompanied  by  borneene,  identical  with  that 
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of  the  oil  of  valerian,  and  yields  the  same  substance  when  H^SM. 
with  anhydrous  phosphoric  acid«  Nitric  acid  oon Texts  it  into  oooum 
camphor. 

The  oils  of  peppermint,  lavender,  rosemary,  orange-fowrt,  fW- 
petals,  and  many  others,  belong  to  the  daas  of  ozygeoated  metA 
oils. 

Essentiai  Oile  containing  Sulpha'. 

In  the  preparation  of  the  sulphuretted  volatile  oils,  distniataiy  t» 
sels  of  copper,  tin,  or  lead  must  be  avoided,  as  thoee  metah  ut 
attacked  by  the  sulphur.  In  other  respects  their  maaofiMtore  oden 
no  peculiarities. 

Oil  of  mustard. — ^The  most  mnarkable  member  of  tiie  clas  ii 
the  oil  obtained  by  distillation  from  black  mostird-seed.  Wfaiii 
mustard  yields  none.  Both  varieties  give,  by  ezpresvioo,  a  Usa<l  U 
oil.  The  volatile  oil  does  not  pi-e-ezist  in  the  seed,  bnt  is  fonnedii 
the  same  manner  as  bitter-almond  oil,  by  the  joint  action  of  water  lad 
a  peculiar  ooagulable  albuminous  matter  upon  a  substance  yet  ispf' 
fectly  known,  present  in  the  grain,  and  termed  myronic  add. 

The  distilled  oil,  when  pure,  is  colourless :  it  has  a  most  poverM 
pungent,  and  suffocating  smell,  and  a  density  of  1-015.  ^PP^^JJj 
the  skin,  it  produces  almost  instant  vesication.  It  boils  at  2Bf 
(142° -80).  Water  dissolves  it  in  small  quantity,  and  alcohol  a' 
ether  very  freely.  The  oil  itself,  at  a  high  temperatare,  di«K< 
both  sulphur  and  phosphorus,  and  deposits  them  in  a  crystalline  ^ 
on  cooling.  It  is  oxidized  with  violence  by  nitric  acid,  and  by  o^ 
regia.  Alkalis  decompose  it  by  the  aid  of  heat,  with  productMo  a 
ammonia,  an  alkaline  sulphide,  and  a  sulphocyanide.  The  '^o*'^ 
compound  with  ammonia,  thiosinamine,  has  been  already  dexnln 
(see  page  651). 

Mustard-oil  gives  by  analysis  CgH^NS,. 
.  The  Oil  of  hoeise-radish,  and  that  obtained  fmn  the  roots  of  Im 
ARiaria  officinalis  by  distillation  with  water,  are  identical  with  theoii 
of  black  mustard-seed. 

Oil  of  garlic. — ^The  crude  oil  procured  by  distilling  the  «B» 
bulbs  with  water  is  not  a  homogeneous  product;  by  the  actiMd 
metallic  potassium,  however,  renewed  until  it  is  no  longer  tamifl^M 
small  portion  of  ozygenetted  oil  which  it  contains  may  be  deoomp'*'" 
and  withdrawn,  after  which  the  sulphuretted  compound  may  be  ^ 
tained  pure  by  redistillation.  In  this  state  it  forms  a  oolonrless  Hq^ii 
lighter  than  water,  of  high  refractive  power,  poasessing  in  >  ^ 
d^ree  the  peculiar  odour  of  the  plant,  and  capable  of  bdog  distilw 
without  decomposition.  It  contains  C,H,S.  Garlic-oil  dissolved  in 
alcohol,  and  mized  with  solutions  of  platinum,  silver,  and  mercQ^' 
gives  rise  to  crystalline  compounds  having  the  characten  of  doabii 
salts,  containing  the  elements  of  the  oil  with  the  sulphur  replied  ^ 
oxygen  or  chlorine. 


BE8INS  AND  BALSAMS.  683 

*  The  carious  and  interesting  relation  existing  between  the  oils  of 
mustai-d  and  garlic  has  been  already  pointed  out  under  the  head  of 
allyl-series.  In  both  these  substances,  we  may  assume  the  existence 
of  a  radical,  C,H^,  to  which  the  name  ailyl  has  been  giren,  wheil 
mustard-oil  becomes  the  sulphocjanide,  and  garlio-oil  the  sulphide  of 
aUjl. 

Mustard-oil  CgH^NS,  =  CeHjQNS,    Sulphocyanide  of  allyl.      . 
Garlic-oil      C^H^S      s=  CeH^S  Sulphide  of  allyl. 

This  relation  has  been  experimentally  established.  By  mixing  mus- 
tard-oil with  hydrate  of  soda  and  quicklime,  and  exposing  the  whole  in 
a  hermetically-sealed  tube  to  a  temperature  superior  to  that  of  boiling 
water,  sulphocyanide  of  sodium  is  produced,  together  with  an  oily 
Bubstanoe  which  is  oxide  of  aUyl,  a  substance  chiefly  known  in  com- 
bination, and  which  is  the  oxygenetted  constituent  of  crude  garlic-oil. 
Again,  if  mustard-oil  be  treated  in  a  similar  manner  with  sulphide  of 
potassium,  sulphocyanide  of  potassium  and  garlic-oil  are  formed.  On 
the  other  hand,  when  the  compound  of  garlic-oil  and  chloride  of  mer- 
cury is  gently  heated  with  sulphocyanide  of  potassium,  mustai'd-oil, 
with  all  its  characteristic  propeiiies,  is  brought  into  existence. 

The  oils  of  assafcetida,  and  onionsy  contain  sulphur,  and  conse- 
quently belong  to  the  same  series :  they  have  not  yet  been  thoroughly 
examined. 


RESINS  AND  BALSAMS. 


Common  resin,  or  colophony ,  furnishes  perhaps  the  best  example  of 
the  dass.  The  origin  of  this  substance  has  been  already  described. 
It  is  a  mixture  of  two  distinct  bodies,  having  acid  properties,  called 
pinic  and  sylmc  acids,  separable  from  each  other  by  their  difference  of 
solubility  in  cold  and  somewhat  dilute  alcohol,  the  former  being  by  far 
the  more  soluble  of  the  two.  Pure  sylvic  acid  crystallizes  in  small, 
colourless,  rhombic  prisms,  insoluble  in  water,  soluble  in  hot  strong 
alcohol,  in  volatile  oils,  and  in  ether.  It  melts  when  heated,  but  cannot 
be  distilled  without  decomposition.  The  properties  of  pinic  acid  are 
very  similar.  Both  have  the  same  composition,  viz.,  G^^^nOgHO.  A 
third  resin-acid  also  isomeric  with  the  preceding,  pimaaric,  has  been 
found  in  the  turpentin  of  the  Pmt»  maritima  of  Bordeaux. 

Xxu)  is  a  very  valuable  resin,  much  harder  than  colophony,  and 
easily  soluble  in  alcohol :  three  varieties  are  known  in  commerce,  vis., 
8tick'4aCf  seedrlaCf  and  sheUac,  It  is  used  in  varnishes,  and  in  the 
manu&cture  of  hats,  and  very  largely  in  the  preparation  of  sealing-wax, 
of  which  it  forms  the  chief  ingredient.  Crude  lac  contains  a  red  dye 
calisd  kuHiye,  which  is  partly  soluble  in  water.  Lac  dissolves  in 
considerable  quantity  in  a  hot  solution  of  borax ;  Indian  ink,  rubbed 
up  with  this  liquid,  forms  a  most  excellent  label-ink  for  the  laboratory, 
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M  it  is  maffected  hj  mad  Tapoun,  flnd,  wben  once  drj,  btcuma  asdf 
insoloUe  in  water. 

Maatic,  Dammar-renn,  and  mudarac  are  resina  laxgelT  used  br  Ai 
Tarnish-maker.  DragoiCs-hlcod  is  a  resin  of  a  deqp-red  ODloor.  Ctfd 
is  alao  a  very  TaluaUie  substance:  it  differs  Iran  the  o4ber  riiaii,  is 
being  with  dilficaltj  diseolyed  bj  aioc^ol  and  easential  oik.  It  ■ 
miscible,  howerer,  in  the  melted  state  with  oils,  and  is  thus  made  kk 
Tarnish.  Amber  appears  to  be  a  fiiosil  resin:  it  is  fiKmd  «ocompanTii| 
brown -coal  or  lignite. 

Caoutchodc,  india-rubber. — ^This  curious  and  mum  most  mrfri 
substance  is  the  produce  of  aereral  trees  of  tn^ical  ooimtries,  wUA 
yield  a  milky  juice^  hardening  by  exposure  to  the  air.  In  m  pose 
it  is  nearly  white,  the  dark  colour  of  oommercial  caontdMNic  has^ 
to  the  effects  of  smoke  and  other  impurities.  Its  phy^cal 
are  well  known.  It  is  softened  but  not  dissolTed  by  boiling  water:  i 
is  also  insoluble  in  alcohol.  In  pure  ether,  rectified  natiTc  naphtha,  sai 
coal-tar  oil,  it  dissolve?,  and  is  left  unchanged  on  the  eraporatioQ  cCtlt 
solvent.  Oil  of  turpentin  also  dissolves  it,  forming  a  Tisdd,  adhcsift 
mass,  which  dries  very  imperfectly.  At  a  temperature  a  HttJe  abe«« 
the  boiling-point  of  water  caoutchoac  melts,  but  never  aflerwards  i«* 
turns  to  its  former  elastic  state.  Few  chemical  agents  affect  t2us  sab* 
stance ;  hence  its  great  practical  use,  in  chemical  investigatMHs,  im 
connecting  apparatus,  &c.  Analysis  shows  it  to  contain  nothing  lot 
carbon  and  hydn^nen. 

By  destructive  dtstillation  caoutchouc  yields  a  large  quantity  of  a  tin 
Tolatile  oily  liquid,  of  naphtha-like  odour,  to  which  the  name  oooat- 
choucine  has  been  applied.  It  dissolves  caoutchouc  with  facility.  Tkii 
substance,  according  to  Mr.  Greville  Williams,  is  oompoaed  of  tv» 
polymeric  hydrocarbons,  caoutchin,  C^,j,  boiling  at  33SP-8  (171"^), 
and  isoprene.  CjJEI^  boiling  at  98°*  6  (37%). 

Caoutchouc  combines  with  variable  proportions  of  solpihnr.  IV 
mixtures  thus  obtained  are  called  vuloamxed  Indta^mbher :  they  m 
more  permanently  elastic  than  pore  caontdiouc 

A  substance  much  resembling  caoutchouc  in  certain  reapecta,  and  rf 
similar  origin,  is  gutta  percha.  It  has  already  afforded  many  meAd 
applications. 

Most  of  the  resins,  when  exposed  to  destructive  distillation,  yiM 
lk]uid,  oJly  pyro-products,  usually  carbides  of  hvdrogen,  whidi  hxn 
been  studied  with  partial  success.  Great  difficulties  occur  in  these 
investigations :  the  task  of  separating  from  ««di  other,  and  iaolatii^ 
bodies  which  scarcely  differ  but  in  their  boiling-points»  is  eKoeediiigiT 
troublesome. 

Babams  are  also,  as  before  hinted,  natural  mixtures  of  restas  wift 
volatile  oils.  These  differ  very  'greatly  in  cMisistenoe,  some  braf 
quite  fluid,  others  solid  and  brittle.  By  keeping,  the  aofler  kiodi 
often  become  hard.  Balsams  maj  be  conveniently  divided  into  two 
classes,  viz.,  those  which,  like  common  and  Venice  turpentin^  CUaodi 
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halfamf  copaiba  baisam,  &o.,  are  nearly  natural  yamishes,  or  solutions 
of  resins  in  volatile  oils,  and  those  which  contain  benzoic  or  dnnamic 
acid  in  addition,  as  Peru  and  Tolu  balaamSf  and  the  solid  resinous 
benzoin,  commonly  called  gian^mom, 

Toiu-balsam,  by  distillation  with  water,  yields  three  products: 
namely,  benzoic  acid,  the  cinnaroein  of  M.  Fr^my,  (p.  563,)  and 
tdene,  a  volatile  colourless  hydrocarbon,  boiling  at  338°  (170^0),  and 
ooataining  C24H|g.  The  balsam  freed  in  this  manner  from  essential 
oils,  exposed  to  destructive  distillation,  yields  in  succession  a  viscous 
liquid  which  crystalliises  in  the  re^^iver,  and  a  thin  liquid  heavier  than 
water ;  carbonic  acid  and  carbonic  oxide  are  lai^ely  evolved,  and  the 
retort  is  afterwards  found  to  contain  a  residue  of  charcoal.  The  solicf 
product  is  chiefly  a  mixture  of  benzoic  and  ctnnamic  acids:  the  volatile 
oil  contains  at  least  two  substances  differing  in  their  boiling-points, 
and  easily  separated,  namely,  toluol  (benzoene,  see  page  554),  and  an 
oily  liquid  heavier  than  water,  of  high  boiling-point,  and  having  the 
oompoaition  and  characters  of  benzoic  ether. 

Toluol  is  a  thin,  colourless  liquid,  insoluble  in  water,  sparingly 
solable  in  alcohol,  more  freely  in  ether :  it  has  the  odour  of  benzol : 
its  sp.  gr.  is  *870,  and  it  boils  at  226°  (108°C).  The  density  of  its 
▼apour  is  3 '26,  and  its  foimula  Ci4Hg.  It  combines  with  fuming 
sulphuric  acid  to  the  compound  sulphotoluolic  acid;  witii  nitric 
add  it  yields  two  products,  mt)otoltu)l,  C14H7NO4,  and  binitrotolvoly 
C14H4N2O8  The  former  is  fluid,  heavier  than  water,  and  bears  a 
great  resemblance  in  odour  and  other  properties  to  nitrobenzol ;  the 
latter  is  a  solid,  fusible,  crystalllzable  substance.  The  conversion  of 
nitrotoluol  into  the  oi^nic  base  tolnidine,  has  been  already  described 
(see  page  642). 

LiqtUd  storax  distilled  with  water,  holding  in  solution  a  little  car- 
bonate of  soda,  yields  a  small  and  variable  quantity  of  volatile  oil,  not 
homogeneous,  but  from  which,  by  careful  distillation,  a  liquid  volatile 
hydrocarbon,  termed  styroly  can  be  extracted  in  a  state  of  purity.  It 
18  thin  and  colourless,  of  powerful  aromatic  odour,  refuses  to  solidify 
when  cooled  to  0°  (-17^*70),  and  boils  at  293°  (145°C).  Its  sp.  gr. 
18  '924:  it  is  nearly  insoluble  in  water,  but  mixes  freely  with  alcohol 
and  ether.  Styrol  contains  Cj^g,  and  is  consequently  isomeric  with 
benzol. 

Storax,  from  which  the  styrol  has  been  separated  by  distillation, 
when  treated  with  carbonate  of  soda,  yields  a  considerable  quantity  of 
dnnamate  of  soda.  The  residue  consists  of  resinous  bodies,  with 
which  a  crystalline  substance  is  assodated,  removable  by  alcohol,  and 
oontaining  CjgHi^O^.  This  substance,  long  known  as  sti/racin,  has 
lately  been  found  to  be  cinnamate  of  cinnamic  alcohol,  ^^ifi^  = 
C,aH,0,  Ci^HjO,  (see  dnnamyl-series,  page  561). 

When  a  portion  of  styrol  is  hermetically  sealed  in  a  glass  tube, 
and  then  exposed  for  half  an  hour  to  a  temperature  approaching  400^ 
(200°C)  by  means  of  an  oil-bath,  it  undergoes  a  most  remarkable 
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change,  beooming  oonveried  into  a  solid,  traDsparent,  glassy,  fisftie 
Biibstanoe,  (Ailed  mekutyrol,  isomeric,  as  might  be  expected,  widi  stynl 
itself.  The  same  change  is  slowly  prodaoBd  by  the  inflQcnee  of  sib- 
shine.  A  portion  of  metastyrol  is  always  formed  when  stjrrol  is  £s- 
tilled  in  a  retort  without  water.  Metastyrol  is  again  convertiUe  hf 
distillation  at  a  high  temperature  into  liquid  styrol.^ 

Certain  of  the  products  of  the  distillation  of  dragon's-blood  i^ipev  ^ 
be  identical  with  these  bodies. 

•  'Hem.  CSiem.  Soc,'  U.  334. 
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ON     CERTAIN    PRODUCTS    OF    THE  DESTRUCTIVE 
DISTILLATION  AND  SLOW  PUTREFACTIVE 
CHANGE  OF  ORGANIC  MATTER. 


SUBSTANCES  OBTAINED  FRQII  TAB. 

There  are  three  principal  Tarieties  of  tar:— (1.)  Tar  cf  ihe  loood- 
vinsgar  maker,  procured  bj  the  destructive  distillation  oif  dry  hard 
wo«d ;  (2.)  Stockholm  tar,  so  largely  consumed  in  the  arts,  as  in  ship- 
building, ftc.,  which  is  obtained  by  exposing  to  a  kind  of  rude  distilr 
latio  per  descensum  the  foots  and  useless  parts  of  resinous  pine  and 
fir-timber ;  and  lastly,  (3,)  Coal  or  mineral  tar,  a  by-product  in  the 
manufacture  of  coal-gas.    This  is  Tiscid^  black,  and  ammoniacal. 

All  these  tars  yield  by  distillation,  alone  or  with  water,  oily  liquids 
of  extremely  complicated  nature,  firom  which  a  number  of  curious 
products,  to  be  presently  described,  have  been  procured :  the  solid 
brown  or  black  residue  constitutes  pitch.  Hard-wood  tar  furnishes 
the  following : 

Pabaffin  ;  TARrOiL  STEARIN. — ^This  remarkable  substance  is  foond 
in  that  part  of  the  wood>oil  whidi  is  heavier  than  water :  it  is  ex- 
tracted by  redistilling  the  oil  in  a  retort,  collecting  apart  the  last 
portions,  gradually  adding  a  quantity  of  alcohol,  and  exposing  the 
whde  to  a  low  temperature.  Thus  obtained,  paraffin  appears  in  the 
ehape  of  small,  colourless  needles,  fusible  at  11C^(43°*3C)  to  a  clear 
liquid,  which  on  solidifying  becomes  glassy  and  transparent.  It  is 
tasteless  and  inodorous  f  volatile  without  decomposition ;  and  bums, 
when  strongly  heated,  with  a  luminous  yet  smoky  flame.  It  is  quite 
insoluble  in  water,  slightly  soluble  in  alcohol,  freely  in  ether,  and 
mtsdhle  in  all  proportions,  when  melted,  with  both  fixed  and  volatile 
oils.  The  most  energetic  chemical  reagents,  as  strong  adds,  alkalis, 
chlorine,  &c.,  fail  to  exert  any  action  on  this  substance:  it  is  not 
known  to  combine  in  a  definite  manner  with  any  other  body,  whence 
its  extraordinary  name,  from  panan  affinis,* 

Paraffin  contains  carbon  and  hydr^en  only,  and  in  the  same  pro- 
portions as  in  defiant  gas,  or  CH.  M.  Lewy  makes  it  C^H^  The 
^tional  formula  is  unknown. 

*  This  sabstance  likewise  occurs  amongst  the  products  of  distillation  of  peat, 
•lid  in  several  mineral  lars  and  some  Unds  of  petroleum. 
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EUPIONE.* — This  is  the  chief  coroponent  of  the  light  oil  of  wood 
tar:  it  occurs  also  in  the  tar  of  animal  matters,  and  in  the  fluid  pro- 
duct of  the  distillation  of  rape-seed  oil  Its  separation  is  effected  hf 
the  agency  of  oonoentmted  sulphuric  acid,  or  of  a  mixture  of  sulphuric 
acid  and  nitre,  which  oxidizes  and  destroys  most  of  the  aooompanying 
substances.  In  a  pure  state  it  is  an  exceedingly  thin,  oolourlev 
liquid,  of  agreeable  aromatic  odour,  but  destitute  of  taste :  it  is  the 
lightest  known  liquid,  having  a  density  of  0*655.  At  116°  (46°-6C) 
it  boils  and  distils  unchanged.  Dropped  upon  paper,  it  makes  a  greasy 
stain,  which  after  a  time  disappears.  Eupione  is  rery  inflamooable, 
and  bums  with  a  bright  luminous  flame.  In  water  it  is  quite 
Insoluble,  in  rectified  spirit  nearly  so,  but  with  ether  and  oils  £redy 
miscible. 

Eupione  is  a  hydrocarbon:  according  to  Hess  it  consists  of  C|oH|^ 
It  is  very  probable  that  eupione  frequently  .contains  and  soDQetimes 
ttitii'ely  consists  of  hydride  of  amyl  (see  page  521). 

Other  volatile  oils,  having  a  similaj'  origin,  and  perhaps  a  similar 
composition,  but  diflering  from  the  above  in  specific  gravity  and 
boiling-point,  are  sometimes  confounded  with  enpione.  The  stfldy  of 
these  substanoes  presents  many  serious  difficulties.  It  is  even  doubtful 
whether  the  eupione  be  not  formed  by  the  energetic  chemical 
agents  employed  in  its  supposed  purification. 

KKEOSOTE.f — This  is  by  far  the  most  important  and  interesting 
body  of  the  group.  Its  discoveiy  is  due  to  Reichenbach:  it  is  the 
principle  to  whicJi  wood-smoke  owes  its  powers  of  curing  and  pre- 
serving salted  meat  and  other  provisions.  Kreosote  is  most  abandantly 
contained  in  the  heavy  oil  of  beech-tar,  as  procured  from  the  wood- 
vinegar  maker,  and  is  thmoe  extracted  by  a  most  tedious  and  compli- 
cated series  of  operations:  it  certainly  pi'e-exists,  however,  in  the 
original  material.  The  tar  is  distilled  in  a  metallic  vessel,  and  the 
different  products  are  collected  apart ;  the  most  volatile  porti<m,  whi^ 
is  lighter  than  water,  and  consists  chiefly  of  eupione,  is  rejected ;  the 
second  portion  is  denser,  and  contains  the  kreosote,  and  is  set  aside; 
the  distillation  is  stopped  when  paraffin  begins  to  pass  over  in  quan- 
tity. The  impure  kreosote  is  first  agitated  with  carbonate  of  potacss 
to  remove  adhering  acid,  separated  and  redistilled,  the  first  part  beii^ 
again  rejected ;  it  is  next  strongly  shaken  with  a  solution  of  pbo^ 
phoric  acid,  and  again  distilled :  a  quantity  of  ammonia  is  thus  sepa- 
rated. Afterwards,  it  is  dissolved  in  a  solution  of  caustic  potassa  of 
specific  gravity  1*12,  and  decanted  from  the  insoluble  oil  which  floats 
on  the  surface :  tliis  alkaline  liquid  is  boiled,  and  left  some  time  in 
contact  with  air,  by  which  it  acquires  a  brown  cok>ur,  from  the  oxida- 
tion of  some  yet  unknown  substance  present  in  the  crude  product. 
The  compound  of  kreosote  and  alkali  is  next  decomposed  by  sulphuric 
acid ;   the  separated  kreosote  is  again  dissolved  in  caustic  potasa, 

*  From  e9.  good,  beantlf^l,  and  vtof,  &t 

t  Derived  from  Kpias,  flesh,  and  o-w^w,  I  preserve. 
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lx>iled  in  the  air,  and  the  solution  decomposed  by  add ;  and  this  treat- 
ment  repeated  until  the  product  ceases  to  become  ooloared  bjr  the  joint 
influence  of  oxygen  and  the  alkaline  base.  When  so  far  purified,  it  is 
well  washed  with  water,  and  distilled.  The  first  portion  contains 
water ;  that  which  succeeds  is  pure  kreosote. 

In  this  condition  kreosote  is  a  colourless,  somewhat  viscid  oily  liquid, 
of  great  refractive  and  dispersive  power.  It  is  quite  neutral  to  testr 
paper :  it  has  a  penetrating  and  most  peculiar  odour,  that,  namely, 
of  smoked  meat,  and  a  pungent  and  almost  insupportable  taste  when 
placed  in  a  very  small  quantity  upon  the  tongue.  The  density  of  this 
substance  is  1*037,  and  its  boiling-point  897^  (202°'8C).  It  inflames 
with  difliculty,  and  then  burns  with  a  smoky  light.  When  quite  pure, 
it  is  unalterable  by  exposure  to  the  air :  much  of  the  kreosote  of  com- 
merce becomes,  however,  under  these  circumstances,  gradually  brown. 
100  ports  of  cold  water  take  up  about  1^  part  of  kreosote ;  at  a  high 
temperature  nUher  more  is  dissolved,  and  the  hot  solution  abandons  a 
poition  on  cooling.  The  kreosote  itself  absorbs  water  also  to  a  ooni»i- 
derable  extent.  In  acetic  add  it  dissolves  in  much  larger  quantity. 
Akx)hol  and  ether  mix  with  kreosote  in  all  proportions.  Concentrated 
sulphuric  add,  by  the  aid  of  heat,  bladsens  and  destroys  it.  Caustic 
potasaa  dissolves  kreosote  with  great  facility,  and  fi>rms  with  it  a  defi- 
nite compound,  which  crystallizes  in  brilliant  pearly  scales. 

Kreosote  consists  of  carbon,  hydrogen^  and  oxygen :  it  has  been  the 
subject  of  many  inquiries,  tho  results  of  which  are  but  little  con- 
cordanL  It  is  probable  a  mixture  in  variable  proportions  of  several 
bodies,  among  which  phenylic  and  cresylic  alcohol  ^see  page  694),  are 
always  found. 

The  most  remarkable  and  characteristic  feature  of  the  compound  in 
question  is  its  extraordinary  antiseptic  power.  A  piece  of  animal  flesh 
steeped  in  a  very  dilute  solution  of  kreosote  dries  up  to  a  mummy-like 
substance,  but  absolutely  refuses  to  putrefy.  The  well-known  efficacy 
of  impure  wood-vin^ar  in  preserving  provisions  is  with  justice  attri- 
buted to  the  kreosote  it  contains ;  and  the  effeit  of  mere  wood-smoke 
is  also  thus  explained.  In  a  pure  state,  kreosote  is  sometimes  employed 
by  the  dentist  for  relieving  toothache,  arising  from  putrefactive  decay 
in  the  substance  of  the  tooth. 

Chrysen  and  Pyren.~M.  Laurent  extracted  from  pitch,  by  dis- 
tillation at  a  high  temperature,  two  new  solid  bodies,  to  which  he  gave 
the  preceding  names :  they  condense  together,  with  a  quantity  of  oily 
matter,  partly  in  the  neck  of  the  retort,  and  partly  in  the  receiver,  and 
are  separated  by  the  aid  of  ether.  Chrysen^  so  called  from  its  golden 
colour,  is  a  pure  yellow  crystalline  powder,  which  fuses  by  heat,  and 
sublimes  wiliiout  much  decomposition.  It  is  insoluble  in  water  and 
alcohol,  and  nearly  insoluble  in  ether :  warm  oil  of  vitriol  dissolves  it, 
with  the  development  of  a  beautiful  deep-green  colour.  Boiling  nitric 
acid  converts  it  into  an  insoluble  red  substance,  which  has  not  been 
studied.     Chrysen  is  said  to  be  composed  of  Cj^Hf. 

2t 
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Pyren  difiers  from  the  preceding  substance  in  being  ooIoarlcK,  cnv 
tallizing*in  small,  soft  micaceous  scales,  soluble  in  boiling  aloobol  cai 
ether.     It  is  fusible  and  volatile.     Py^ren  is  said  to  contain  Qm^b* 

Oil  of  ordinary  tar,  obtained  by  distillation  alone,  or  with  water, 
consists  in  great  measure  of  unaltered  oil  of  turpenfjn,  iiiised«  htm- 
ever,  with  empyreumatic  oily  products,  which  give  it  a  poverfid 
odour  and  a  dark  colour.  The  residual  pitch  ccmtains  madi  pine>resa, 
and  thus  differs  from  the  solid  portion  of  the  hard  wood-tar  ao  fe- 
qnently  mentioned. 

Votatile  Principles  of  Coal  Tar, 

Coal-tar  3neld8  on  distillation  a  large  quantity  of  thin,  daric-ooloiire^ 
volatile  oil,  which,  when  agitated  with  dilute  sulphuric  acid  to  ren»T« 
ammonia,  and  twice  rectiBed  with  water,  becomes  nearly  oolourkss :  it 
is  very  volatile,  lighter  than  water,  very  inflammable,  and  possesses  is 
a  high  degree  the  property  of  dissolving  caoutchouc,  on  which  accocat 
it  is  very  extensively  used  in  the  manufacture  of  waterproof  £abz» 
containing  that  material. 

This  coal-oil  is  a  mixture  of  a  great  variety  of  liquids  and  solids  dis- 
solved in  the  oil.  By  the  action  of  acids  and  alkalis,  this  mixture  aay 
be  conveniently  diyide>i  into  three  separate  groups.  (1)  A  group  of 
basic  compounds  soluble  in  acids ;  (2)  an  acid  portion  soluble  in  alkalis; 
and  (3)  a  group  of  neutral  constituents. 

The  basic  constituents  form  but  a  small  part  of  coal-tar  oil.  TVy 
are  extracted  by  agitatii:^  successively  lai-ge  quantities  of  the  oil  with 
hydi-ochloric  acid,  and  afterwards  distilling  the  acid  waterj  liquid  o^ 
tained  with  excess  of  hydrate  of  lime.  The  baises  thus  obtained  oa^' 
sist  chiefly  of  picoline  (see  page  648\  aniline  (see  page  636),  sod 
lencoline  (see  page  647),  and  are  separated  by  distillation,  theae  three 
compounds  boiling  at  very  different  temperatures. 

The  acid  portion  of  coal-tar  oil  consists  essentially  of  carbolic  add 
or  phenol. 

Carbolic  acid;  phenol. — Common  coal-tar  oil  is  agitated  with 
a  mixture  of  hydrate  of  lime  and  water,  the  whole  being  lefl  for  a  con^ 
siderable  time :  the  aqueous  liquid  is  then  separated  from  the  imdia- 
solved  oil,  decomposed  by  hydrochloric  acid,  and  the  oily  produd 
obtained  purifled  by  cautious  distillation,  the  first  third  only  bei^ 
collected.  Or  crude  coal-tar  oil  is  subjected  to  distillation  in  a  retort 
fiimished  with  a  thermometer,  and  the  portion  which  paasea  orer 
between  the  temperatures  of  300°— 400*'  {15(P—20(PC)  ooUectod 
apart.  This  product  is  then  mixed  with  a  hot  strong  eolation  of 
caustic  potassa,  and  left  to  stand :  a  whitish,  somewhat  crystalline, 
pasty  mass  is  obtained,  which  by  the  action  of  water  is  resolved  inta 
a  light  oily  liquid  and  a  dense  alkaline  solution.  The  latter  is  with* 
drawn  by  a  siphon,  decomposed  by  hydrochloric  acid,  and  the  sepa- 
rated oil  purifled  by  contact  with  chloride  of  calcium  and  redistilla- 
tion.    Lastiy,  it  is  exposed  to  a  low  temperature,  and  the  crystals 
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/onned  drained  from  the  mother-liqaor  and  carefullj  preserved  from 
the  air. 

t  Pure  carbolic  acid  forms  long  coloarless  prismatic  needles,  which 
melt  at  SS*"  (35°C)  to  an  oily  liquid,  boiling  at  370°  (180°C),  and 
greatly  resembling  kreosote*  in  many  particulars,  having  a  very  pene- 
trating odour  and  burning  ta.ste,  and  attapking  the  skin  of  the  lips. 
Its  sp.  gr.  is  1*065.  It  is  slightly  soluble  in  water,  freely  in  alcohol 
and  ether,  and  has  no  acid  reaction  to  test-paper.  The  crystals  absorb 
moisture  with  avidity,  and  liquefy.  It  coagulates  albumin.  Sulphur 
and  iodine  dissolve  in  it :  nitric  acid,  chlonne,  and  bromine  attack  it 
with  energy.  Carbolic  acid  contains  Cj2H^0,H0 :  its  relation  to  sali- 
cylic acid  has  been  already  mentioned  (page  559). 

In  its  chemical  deportment  cai'bolic  acid  stands  very  near  the  alco- 
hols; a  fact  to  which  allusion  has  been  made  already  in  former  sections 
(see  pi^  559) :  we  may  assume  in  it  a  compound  radical,  phenyl, 
Ci,H^=:PyI,  analogous  to  ethyl,  when  carbolic  acid  becomes  PylO,HO^ 
or  hydrated  oxide  of  phenyL 

With  sulphuric  add  hydrate  of  oxide  of  phenyl  forms  the  compound 
add,  stf//>AopA<mic  ac«/,  C,jHaO,2SOg,HO  =  PylO,2SO,,HO,  which  as- 
sumes a  syrupy  state  in  the  dry  vacuum.  This  acid  closely  corre- 
sponds to  sulphovinic  acid  (see  page  461-).  The  baryta-salt  crystallizes 
from  alcohol  in  minute  needles. 

Phenyl-alcohol  dissolves  potassium  with  evolution  of  hydrogen,  a 
compound  QJAJJ^KO  being  produced,  which  is  analogous  to  the  sub- 
stance formed  in  a  similar  manner  from  common  alcohol  (see  pnge  447). 
On  heating  this  potassa-compouud  with  iodide  of  methyl,  ethyl,  9t 
^amyi,  a  series  of  doable  ethers  are  produced  represented  by  the  fol- 
lowing formulae : — • 

Oxide  of  phenyl 

and  methyl 
Otide  of  phei^l 

and  ethyl 
Oxide  of  phenyl 

and  amyl 

These  substances,  also  described  by  the  names  anisol  (because  it 
is  likewise  produced  by  the  distillation  of  anisic  acid),  phenetoly  and 
pkenamylol,  are  evidently  analogous  to  the  compounds  of  oxide  of 
methyl  with  those  of  ethyl  and  amyl,  which  have  been  mentioned  in 
pages  455  and  500. 

A  chloride  of  phenyl,  CjjHjCl  =  PylCl,  has  been  produced  by  the 
action  of  pentachloride  of  phosphorus  upon  hydrated  oxide  of  phenyl. 
This  compound,  however,  which  is  a  heavy  oil,  is  as  yet  but  very  im- 
perfectly known. 

Cyanide  of  pkenyl,  Ci^H^If  =  C„H,C,N=:PylCy,  has  not  yet  been 

f  A  great  deal  of  the  kreosote  which  oocnrs  in  oommeroe  is,  in  fact,  nothing 
•Imt  more  or  Imb  pure  carbolic  add. 


} 

PylO,MeO    =  C^^fi,C^fi       =  Q^flfi^ 

1 

PylO,AeO     =  C.^fifififi    '  =  C,,H,,0,. 

» 

PylO,AylO  =  C,2H,0,CioH„0     =   Cj^H^O,. 
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produced  from  phenyl-oloohol  directly.  The  sabstaoce,  howeTcr,  wUdi 
nas  been  described  under  the  name  of  beozonitrile  (page  552),  18  both 
by  competition  and  deportment  cyemide  of  phenyl,  perfectly  analogoot 
to  cyanide  of  ethyl  (see  page  457).  Boiled  with  potassa  it  is  coDverted 
into  ammonia  and  benzoic  acid,  cyanide  of  ethyl  furnishing  ammonia 
and  propionic  acid.  Starting  from  this  decomposition,  bensoic  add 
may  be  viewed  as  pKenyl-oxaUc  acid,  CifH^O^HOc:  CHa^CzOsJIO,  just 
as  propionic  add  may  be  regarded  as  ethyl-oxalic  add  (see  page  524). 

Uydi-ated  oxide  of  phenyl  when  treated  with  chloride  of  benwjl 
(see  pnge  548)  yields  hydrochloric  acid  and  a  white  fusible  crystalliDe 
compound  which  is  bemoate  of  phenyl,  C|,H^O,C,4H,03  =  PyIO,BiO, 
analogous  to  benzoate  of  ethyl.  When  strongly  heated  for  a  long  time 
with  ammonia  in  sealed  tubes,  phenyl -alcohol  yields  anilme,  C„HrN=: 
CifHgfHjNsPylHjN  {phenykanme),  the  ethylamine  of  the  phenyl* 
series  (see  page  636). 

The  following  table  gives  a  synopsis  of  tlie  phenyl  •compounds,  whidi 
have  been  placed  in  juxtaposition  with  the  corresponding  terms  of  the 
ethyl-series:— 

Phenyl-alcohol     PylO,HO  AeO,HO  Ethyl-alcohol 

^lid-tta^^'}  ^y^^»^^     .      AeO,KO  Oxide  of  ethyl 

^**wid  ^^*'*^^   }  PylO,2SO„HO  Ae0.2S0„H0  Sulphovinic  add 

AeO  Oxide  of  ethyl 

V'^^^^^j^^j  **^     }  PylCl  Aea  Chloride  of  ethyl 

Cyanide   of 

phenyl (ben 
*  zonitrile) 

^phenyl  ^^    }  PylO,PylC,08    Ae6,AeC,0,     Propio^te  of  ethyl 

Phenyl-urea    .    G,(;H,Pyl)N,0,  C,(H3Ae)N,0,  Bthyl-urea. 

Chlorophenisic  acid. — This  is  the  characteristic  and  prindpal  pro- 
duct of  the  action  of  chlorine  on  hydrate  of  oxide  of  phenyl.  The  pure 
substance  is  not  necessary  for  the  preparation  of  this  body,  those 
portions  of  crude  coal-oil  which  boil  between  360®— 400*^  (i82°'2— 
204°'5C)  answering  veiy  well.  The  oil  is  saturated  with  chlorine,  and 
distilled  in  the  open  air,  the  Hrst  and  last  portions  being  rejected :  the 
product  is  again  treated  with  chlorine  until  the  whole  solidifiea.  The 
csystfils  are  drained  and  dissolved  in  hot  dilute  solution  of  ammoaia: 
on  cooling,  the  sparingly-soluble  chlorophenisate  of  ammonia  crystal- 
lizes out.  This  is  dissolved  in  pure  water,  decomposed  by  hydrochloric 
acid,  washed,  and,  lastly,  distilled. 

Chlorophenisic  acid  foiins  exceedingly  fine,  c(^lourlea8,  silky  needles. 


•  \  PvlCv  AeCv  /Cyanide  of  ethyl 

-|  ryicy  Aecy  |    (propio  nitrile) 
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which  melt  when  gently  heated :  it  haa  a  rerj  penetrating,  persistent, 
and  characteristic  odour,  is  very  sparingly  soluble  in  water,  but  dis* 
solres  freely  in  alcohol,  ether,  and  hot  concentrated  sulphuric  acid.  It 
slowly  subllraes  at  common  temperatures,  and  distils  with  ebullition 
when  strongly  heated.  Chlorophenisic  acid  forms  well-defined  s^ts, 
and  contains  C„(H,Cl2)0,H0.  By  the  action  of  a  great  excess  of 
chlorine  an  anak^us  acid  richer  in  chlorine  is  formed.  It  is  called 
c/Uorophentisic  cuHd,  and  contains  C^ClgOyHO.  Bromophenistc  acid  is 
prepared  by  analogous  means,  and  possesses  a  constitution  and  character 
greatly  resembling  those  of  the  chlorine-compound. 

Nitrophenasic  acid. — On  distilling  phenyl-alcohol  with  very  dilute 
nitric  acid,  beautiful  yellow  needles  are  obtained,  soluble  in  ammonia 
and  potassa,  and  yielding  a  beautiful  red  silver-salt.  This  substance  is 
nitrophenasic  add,  CijH^NOg.HO  =  C„(H^NO/.0,HO.  Nitrophenesic 
and  nitrophenitk)  adds  may  be  prepared  directly  fi-om  the  oil  which 
is  employed  in  the  preparation  of  chloropheni]>ic  ^cid.  The  oil  is  care- 
fully mixed  in  a  lai^e  open  vessel  wilii  rather  more  than  its  own 
weight  of  onlinary  nitric  acid.  The  action  is  very  violent.  The 
brownish-red  substance  produced  is  slightly  washed  with  water,  then 
boiled  with  dilute  ammonia,  and  filtered  hot.  A  brown  mass  i-emains  on 
the  filter,  which  is  preserved  to  prepare- nitrophenisic  add,  and  the  solu- 
tion deposits  on  cooling  a  very  impure  ammoniacal  salt  of  nitrophenisic 
add,  which  requires  several  successive  crystallizations,  afler  which  it  is 
decomposed  by  nitric  add  and  the  product  crystallised  from  alcohol. 

Nitrophenesic  add  forms  yellow  prismatic  crystals,  very  sparingly 
soluble  even  in  boiling  water,  but  freely  soluble  in  alcohol.  It 
has  no  odour.  Its  taste,  at  first  feeble,  becomes  after  a  short  time 
very  bitter.  At  219^  (104*'C)  it  melts,  and  on  cooling  crystallizes. 
In  very  small  quantity  it  may  be  distilled  without  decomposition,  but 
when  briskly  hvated  it  often  detonates,  but  not  violently.  The  salts  of 
tills  add  are  yellow  or  orange  and  \&ry  beautiful :  they  are  mostly 
soluble  in  water,  and  detonate  feebly  when  heated.  The  acid  contains 
C,A^'?^ftH0  =  CuHj(N04),0,H0.  Nitrophenisic  add  is  identical 
with  picric  or  carba^tic  add.  It  may  be  prepared  with  great 
eoooomy  from  impure  nitrophenesic  acid,  or  from  the  brown  mass 
insoluble  in  dilute  ammonia  already  referred  to.  It  is  purified  by 
a  process  similar  to  that  employed  in  the  case  of  the  preceding 
substances.  Nitrophenisic  add  contains  Ci^H^sOu^HO  =  CijH, 
(N04),0,H0. 

The  following  table  exhibits  the  relation  of  these  substitution -pro- 
ducts:— 

Phenyl-alcohol  C„HaO,HO.=  Phenol 

Chlorophenisic  add  CjjCHjCyO.HO = Trichlorophenol. 

Nitrophenasic  acid  C„(H^N04)0,H0  =  Nitrophenol. 

Nitrophenesic  acid  C,iHj;N04],)0,H0  =  Blnitrophenol. 

Nitropheniaic  add  Ci,(H,[N04  'a}0,HO  =  Trinitrophenol. 


694  VOLATILE  PRINCIPLES  OF 

Coal-tar  oil  flppean  to  cootain  several  homologoes  of  hydraled  oodf 
of  phenol ;  of  these  hydrated  oxide  of  cresyl,  C^J3.^O^  =  Ci^HJ0^0t 
IB  beat  known.  This  substance  is  isomeric  with  benxoic  alcohol  (see 
page  550),  and  anisol  (see  page  677),  but  diffeis  from  botli.  By* 
drated  oxide  of  cresyl  closely  imitates  the  deportnient  of  pbeool.  It 
is  probably  identical  with  taurylic  acid,  discovered  in  urine.  A  tfaiid 
homologue,  the  hydrate  of  oxide  of  xylyl,  O^JA^fi^^O^JSLfi^W)^  bK 
been  observed  by  Mr.  H.  Muller. 

The  neutral  portion  of  coal-tar  naphtha  oonasts  of  a  great  variety  of 
hydrocarbons,  partly  liquid,  ]»rtly  solid.  The  liquid  hjdrocarboas 
have  been  already  described  (see  pages  546  and  555).  They  are  chicfiy 
benzol^  tohtoly  xylol f  cianol,  and  cymol,*  The  solid  hydrocarhoas  are 
naphtJuUin  and  parcmaphthaKn,  together  with  several  similar  aubstsDoet 
less  perfectly  known. 

Kaphtiialin. — When,  in  the  distillation  of  coal-tar,  the  last  por- 
tion of  the  volatile  oily  product  is  collected  apart  and  left  to  ataad,  a 
quantity  of  solid  crystalline  matter  separates,  which  i&  principally 
composed  of  the  substance  in  question*  An  additional  quantity  may 
be  obtained  by  pushing  the  distillation  until  the  contents  of  the  veael 
b^in  to  char ;  the  naphthalin  then  condenses  in  the  solid  state,  hot 
dark-coloured  and  very  impure.  •  By  simple  sublimation,  onoe  or  tvke 
repeated,  it  is  obtained  perfectly  white.  In  this  state  naphthalin  Ibnat 
large,  colourless,  transparent,  briliiant,  crystalline  plates,  exhaling  a 
faint  and  peculiar  odour,  which  has  been  compared  to  that  of  the  uar* 
dssus.  Naphthalin  melts  at  176°  (80°C)  to  a  clear,  colourless  liquid, 
which  crystallizes  on  cooling:  it  boils  at  413°  (211°*6C),  and  evolves 
a  vapour  whose  density  is  4*528.  When  strongly  heated  in  the  air,  it 
inflames  and  bums  with  a  red  and  very  smoky  light.  It  is  insoluble  la 
cold  water,  but  soluble  to  a  slight  degree  at  the  boiling  temi^erature : 
alcohol  and  ether  dissolve  it  easily :  a  hot  saturated  alcoholic  aolatka 
deposits  fine  iridescent  crystals  on  cooling. 

Naphthalin  is  found  by  analysis  to  contain  C^Hg. 

Naphthalin  dissolves  in  warm  concentrated  sulphuric  add,  forming 
a  red  liquid,  which,  when  diluted  with  water,  and  saturated  with  car- 
bonate of  baryta,  yields  salts  of  at  least  two  distinct  adds,  analogoos 
to  sulphovinic  acid.  One  of  these,  the  mlphonapkthaUc  add  of  Mr. 
Faraday,  crystallizes  from  a  hot  aqueous  solution  in  small  white  scales, 
which  ai'e  but  sparingly  soluble  in  the  cold.  The  free  add  is  obtained 
in  the  usual  manner  by  decomposing  the  baryta-salt  with  sulphuric 
add  ;  it  forms  a  colourless,  crystalline,  brittle  mass,  of  add,  metallic 
taste,  very  deliquescent,  and  very  soluble  in  water.  The  soomkI 
baryta-salt  is  still  less  soluble  thay  the  preceding.  The  compositioii  of 
sulphonaphthnlio  add  is  GgoH^sO^fHO. 

Fuming  nitric  acid  at  a  higb  temperature  attacks  naphtlialin :  the 
products  are  numerous,  and  have  been  attentively  studied  by  Laurent. 

*  The  same  hydrocarbons  have  been  found  by  H.  Cahours  In  the  oily  liquid 
precipitated  by  water  from  commercial  wood -spirit  (see  page  409). 
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The  oune  chemist  has  descrihed  a  long  aeries  of  curious  products  of 
the  actioQ  of  chlorine  on  naphtbalin.  Nitric  acid  gives  rise  to  a  great 
number  of  nitro-substitutes,  the  most  interesting  of  which  is  tlie  com- 
pound known  by  the  name  nitronaphthcUin,  whichf  when  submitted 
to  Zinin's  process,  is  converted  into  naphthalidine  (see  page  643). 
Among  the  derivatives  of  naphtbalin,  a  compound  deserves  to  be  men- 
tioned, which  has  been  described  ander  the  name  o£  phthaHc  acid. 
This  add  has  not  jet  been  produced  directly  from  naphthalin,  but  may 
be  obtained  by  boilinfi:  one  of  the  products  of  the  action  of  chlorine 
upon  naphtbalin,  namely,  the  tetrachloride  of  naphthalin  (Cg^HgCl^) 
with  nitric  acid.  The  same  substance  is  formed  by  submitting  alizarin 
to  the  action  of  nitric  acid. 

Phthalic  acid  crystallizes  in  colourless  plates :  it  is  but  slightly  so- 
luble in  cold  water,  but  dissolves  freelv  in  alcohol  and  ether.  Phthalic 
acid  is  bibacic,  and  contains  CieH40«,2HO:  when  heated  it  loses  2  eq. 
of  water,  and  becomes  C^H^O,.  Treated  with  fuming  nitric  acid 
it  yields  a  nitro-acid,  nitro-phthalic  acid,  Ci«(H,N04)0,,2HO.  When 
distilled  with  baryta  It  is  convei-ted  into  benzol : — 

C,,HeO.  +  4BaO  =  4{BaO,OOJ  +  C„H, 

Phthalic  acid.  Benzol. 

The  formatioh  of  phthalic  acid  from  alizarin  has  established  a  most 
Interesting  connection  between  the  napbtl^lin-  and  alizarin-series.  It 
-would  be  of  great  interest  if  naphthalin,  which  is  produced  in  enor- 
mous quantities  in  the  manufacture  of  coal-gas,  but  has  not  yet  found 
any  useful  application,  Could  be  converted  by  chemical  processes  into 
alizarin.  That  there  is  a  hope  of  such  a  convei'sioa  being  possible,  is 
even  now  pointed  out  by  the  close  analogy  of  one  of  the  chlorine- 
products  of  naphthalin,  of  cfiloronaphthalic  acid,  both  in  composition 
and  properties  with  alizarin.  This  substance  contains  Cj^'H^ClyOg, 
and  may  be  viewed  as  chloralizarin : — 

Alizarin      .         .         •         * '       «        C^,  H,     0^ 
Chloronaphthalic  acid         .         •         .     C^{}{fi\)0^, 

Chloronaphthalic  acid  produces  most  beautifully-ooloured  compounds 
with  the  metallic  oxides. 

.  The  history  of  the  formation  of  naphthalin  is  tather  interesting :  it 
is  perhaps  the  most  stable  of  all  the  more  complex  compounds  of 
carbon  and  hydrc^en :  in  a  vessel  void  of  free  oxygen  it  may  be  heated 
to-  any  extent  without  decomposition ;  and,  indeed,  when  other  carbides 
of  hydrogen  are  exposed  to  a  very  high  temperature,  as  by  passing  in 
vapour  through  a  red-hot  porcelain  tube,  a  certain  quantity  of  naph- 
thalin is  almost  invariably  produced.  Hmce  its  presence  in  coal  and 
other  tar  is  mainly  dependent  upon  the  temperature  at  which  the  destruc- 
tive distillation  of  the  organic  substance  has  been  conducted.  Lam}>^ 
black  very  frequently  contains  naphthalin  thus  accidentally  produced. 
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PARAKAPHTnALIN,  ANTHRACEITE. — ^This  SubsUlIloe  OCCUfS  m  €he 
naphtlmUo  of  coal-tar,  and  is  separated  by  the  use  of  alcohol,  in  which 
ordinarjr  naphthaKn  is  frcelj  solable,  whilst  paranaphthalin  is  ahaeit 
totally  nisoluhle :  in  odier  respects  it  much  membirs  Dapbthal ia.  The 
erystiUs  obtained  by.  snblimation  are,  however,  usually  smalla*  and  loa 
distinct  It  melts  at  419^  (213^-  3C).  Its  best  solvent  is  oil  of  tor- 
pentin.  The  density  of  its  rapoor  is  6 '  741.  Its  oompositkm  may  be 
represented,  according  to  Mr.  Anderaon,  by  the  fefmnla  C,^,^ 

The  products  of  the  distillation  of  ooal  appear  to  rary  coBstdenbly 
with  the  nature  of  the  coal.  The  liquids  produced  in  the  distil  I  stisn 
of  Boghead  Ccmnel  coal  have  been  examined  by  Mr.  Williams :  they 
consist  of  hydrocarbons  of  the  benzol  series,  of  homologues  of  ethylene^ 
and  of  hydrides  of  the  alci^l  radicals. 

PETROLEUM,  KAPHTHA,  AND  OnTHEB  ALLIED  8UR8TAXCE8. 

Pit-ooalt  lignite  or  brmm  ooal,  jet,  hitianen  of  various  kinds,  peiro- 
leum  or  rock-cUf  and  naphtha,  and  a  few  other  allied  sobstaaces  nooie 
rarely  met  with,  are  looked  upon  as  products  of  the  dectHnpositaon  of 
organic  matter,  especially  vegetable  matter,  beneath  the  siirnioe  of  the 
eai-th,  in  situations  where  the  conditions  of  contact  with  water,  sad 
nearly  total  exclusion  of  atmospheric  air,  are  fulfilled.  DepoAtoi  at 
the  bottom  of  seas,  lakes,  or  rivers,  and  subsequently  covered  up  bj 
accumulations  of  day  and  sand  hereafter  destined  to  heoome  shale 
and  gritstone,  the  organic  tissue  undergoes  a  kind  of  fomentatiaa 
by  which  the  bodies  in  question,  or  certain  of  them*,  are  slowly  pith 
duced.  Carbonic  acid  and  light  carbonetted  hydrogen  are  by-prododi 
of  the  reaction;  hence  their  frequent  disengagement,  the  first  from 
beds  of  lignite,  and  the  second  from  the  further  advanced  and  moie 
perfect  coal. 

The  v^table  origin  of  coal  has  been  placed  beyond  donbt  by 
microscopic  research ;  v^taUe  structure  can  be  thus  detected  even 
in  the  most  massive  and  j>erfec(  varieties  of.  ooal  when  cut  into  thia 
slices.  In  coal  of  inferior  quality,  much  mixed  with  earthy-  matter, 
it  is  evident  to  the  eye.  *  The  leaves  of  ferns,  reeds,  and  other  succulent 
plants,  more  or  less  resanbling  those  of  the  tropics,  are  found  in 
a  compressed  state  between  the  layers  of  shale  or  aloty  day,  pra» 
served  in  the  most  beautiful  manner,  but  entirely  converted  into  Uta- 
minoos  coal.  The  coal-mines  of  Europe,  and  particularly  those  oi 
our  own  country,  furnish  an  almost  complete  fossil  flora ;  a  history  of 
many  of  the  now  lost  species  whidi  <Mice  decorated  the  sorfiMX  of  the 
earth. 

In  the  lignites  the  woody  structure  is  much  more  obvioos.     Beds  of 
this  material  are  found  in  very  many  of  the  newer  stratat  above  the 
true  ooal,  to  which  they  are  consequently  posterior.    As  an  article  of 
fuel,  brown-coal  is  of  comparatively  small  value :  it  resembles  peat, 
giving  but  li£tle  flame,  and  emitting  a  disagreeable,  pungent  smclL 
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-  JM,  uaed  for  making  black  onmments,  is  a  Tariety  of  lignite* 

The  true  bitamens  are  destitute  of  all  organic  structure :  they  ap« 
pear  to  have  arisen  from  coal  or  lignite  hj  the  action  of  subterranean 
heat ;  and  rery  closely  resemble  some  of  the  products  yielded  by  the 
deatmctire  distillation  of  those  bodies.  They  are  very  numerous,  and 
hftve  yet  been  but  imperfectly  studied. 

1.  Mimral  pitch,  or  oompact  bitwnen,  the  agphaltum  or  J9W*8  pUch 
of  some  authors. — ^This  substanoe  occurs  abun(^t]y  in  many  parts  of 
the  world ;  as,  in  the  neighbourhood  of  the  Dead  Sea  in  Judsa ;  in 
Trinidad,  in  the  famous  pitch  lake,  and  elsewhere.  It  generally  re- 
sembLes  in  aspect  common  pitch,  being  a  little  heavier  than  water, 
easily  melted,  very  inilammable,  and  burning  with  a  red,  smoky 
flame.  It  consists  principally  of  a  substance  called  by  M.  BoesingBult 
aaphaltene,  composed  of  G^i^O,.  It  is  worthy  of  remark,  that 
Laurent  found  panmaphthalin  in  a  native  mineral  pitch. 

2.  Mineral  tar  seems  to  be  essentially  a  solution  of  asphaltene  in 
«n  oily  fluid  called  petrolene.  This  haa  a  pale-yellow  colour,  and 
peculiar  odour :  it  is  lighter  than  water,  and  very  combustible,  and  has 
a  hi^  boiling-point.  It  has  the  same  composition  as  the  oils  of  tur- 
peatin  and  lemon-peel,  namely  C^oHi**  Asphaltine  contains,  conse- 
quently, the  elements  of  petrolene,  tc^ether  with  a  quantity  of  oxygen^ 
and  probably  arises  from  the  oxidation  of  that  substance. 

3.  Elastic  bitumen;  mineral  caoutchouc,— This  curious  substance 
haa  only  been  found  in  three  places :  in  a  lead-mine  at  Castieton,  in 
Derbyshire ;  at  Montrelais,  in  France ;  and  in  the  state  of  Massachu- 
setta.  In  the  two  latter  localities  it  occurs  in  the  coal  series.  It  ia 
fusible,  and  resembles  in  many  respects  the  other  bitumens. 

Under  the  names  petroleum  and  itaphtha  are  arranged  various 
mineral  oils  which  ara  observed  in  many  places  to  issue  from  the 
earth,  often  in  considerable  abundance.  There  is  every  reason  to 
suppoae  that  these  owe  their  origin  to  the  action  of  internal  heat  upon 
beds  of  coal,  as  they  are  usually  found  in  connection  with  su^.  The 
term  nc^phtha  is  given  to  the  thinner  and  purer  varieties  of  rock-oil, 
which  are  sometimes  nearly  colourless ;  the  darker  and  more  viscid 
liquids  bear  the  name  oipetrciewn. 

Some  of  the  most  noted  localitiea  of  these  substances  are  the  fol- 
lowing:— The  north-west  aide  of  the  Caspian  Sea,  near  Baku,  where 
beds  of  marl  are  found  saturated  with  naphtha.  Wells  are  sunk  to 
the  depth  of  about  30  feet,  in  which  naphtha  and  water  collect,  and 
are  eadly  separated.  In  some  parts  of  this  dbtrict  so  much  combus- 
tible gas  or  vapour  rises  from  the  ground,  that^  when  set  on  fire,  it 
continues  burning,  and  even  affords  heat  for  economical  purposes.  A 
large  quantity  of  an  impure  variety  of  petroleum  comes  from  the 
Birman  territory  in  the  East  Indies:  the  country  consists  of  sandy 
clay,  resting  on  a  series  of  alternate  strata  of  sandstone  and  shale. 
Beneath  these  occurs  a  bed  of  pale-blue  shale  loaded  with  petroleum, 
which  lies  immediately  on  coaL    A  petroleum-spring  exists  at  Cole* 
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brook  Dale,  in  Shropshire,  and  iromeose  qnantitiM  come  now  fnm 
North  America.  The  sea  near  the  Onpe  de  Verd  Islanils  has  been  aaea 
covered  w^ith  a  film  of  rock-oil.  ftne  specimens  of  naphtha  are  fizr- 
nished  by  Italj,  where  it  occurs  in  several  places. 

In  proof  of  the  origin  attributed  to  these  substances,  mn  experi- 
ment of  Dr.  Reichenbach  mav  be  dted,  who,  by  distilling  with  wafar 
about  too  Ibe.  of  pit<<X)al,  obtained  nearly  2  ounces  of  an  oily  liqiad 
exactly  I'esembling  the  natural  naphtha  of  Amiano,  in  Italy. 

The  vatiations  of  colour  and  consistence  in  different  q>ecimaig  of 
these  bodies  certainly  depend  in  great  measure  upon  the  presence  ef 
pitchy  and  fatty  substances  dissolved  in  the  more  fluid  oil.  Dr.  Gre* 
gory  fojind  paraffin  in  petroleum  from  Rangoon. 

The  boiling-point  of  rock-oil  varies  from  about  180*^  to  near  €0(P 
(82^-2  to  3 15° '50).  A  thermometer  inserted  into  a  retort  in  wioA 
the  oil  is  undergoing  distillation,  never  shows  for  any  length  of  time 
a  constant  temperature :  hence  it  is  inferred  to  be  a  mixtare  of 
several  different  substanom.  Neither  do  the  different  vaneties  of 
naphtha  give  similar  results  on  analysis:  they  are  all,  howev«', 
carbides  of  hydrogen.  The  use  of  these  substances  in  the  places 
where  they  abound  is  tolerably  extensive ;  they  often  serve  the  inl*- 
bitants  for  fuel,  li^t,  &c.  To  the  chemist  pure  naphtha  is  Talixable, 
as  offering  facilities  for  the  preservation  of  the  more  oxidable  metals,  as 
potassium  and  sodium. 

.  Amongst  the  several  naphthas,  the  Burmese  ncqAtha  (Rangoon  tar) 
has  been  more  particularly  examined  by  Messrs.  De  La  Rue  and  MnlW. 
It  consists  principally  of  liquid  homologues  of  marsh  gas,  aasodated 
with  small  quantities  of  hydrocarbons  of  the  benxol-series,  paraffin  and 
hydrocarbons  analogous  to  colophene. 

Retinites  or  Retina^halt,  is  a  kind  of  fossil  resin  met  with  in 
brown  coal :  it  has  a  yellow  or  reddish  colour,  is  fusible  and  inflam- 
mable, and  readily  dissolved  in  gi'eat  part  by  alcohoL  The  acdnble 
portion  has  been  called  retinic  cuSd  by  Prof.  Johnston,  ffatohetm  is 
a  somewnat  similar  substance  met  with  in  mineral  coal  at  Merthyr 
Tydvil,  and  also  near  Loch  Fyne,  in  Scotland.  IdriaUn  is  found 
associated  with  native  cinnabar,  and  is  extracted  from  the  ore  by  oU  pf 
turpeutin,  in  which  it  dissolves.  It  is  a  white,  crystalline  substance, 
scarcely  volatile  without  decomposition,  but  slightiy  soluble  in  ala^ol 
and  ether,  and  composed  of  C^gH^fl :  it  is  generally  associated  with  a 
hydrocarbon  uiryl,  which  contains  C42H}4. 

OzokerUe,  or  fossil  icax,  is  found  in  Moldavia,  in  a  layer  <^  bito- 
minous  shale :  it  is  brownish,  and  has  a  somewhat  pearly  appearance : 
it  is  fusible  below  212°  (100^),  and  soluble  with  difficulty  in  alcohol' 
and  ether,  but  easily  in  oil  of  turpentin.     It  appears  to  contain  more 
than  one  definite  principle. 

.  Nefte-degUy  a  substance  resembling  the  former,  occurs  in  immense 
quantities  in  the  vicinity  of  the  Caspian  Sea.  Another  compound  of  the 
same  kind  is  found  in  still  laiger  quantities  at  B^u,  and  ts  called  Kr» 
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INTKODUCTIOH. 

AmMAL  Chemistiy,  for  the  purpose  of  clearness,  may  be  divided  iDto 
the  chemistry  of  substances  entering  into  the  composition  of  animals, 
into  the  chemistry  of  the  animal  flui£  and  solids,  and  into  the  chemistry 
of  the  processes  ivhich  take  place  in  the  animal  body. 

This  classification  has  a  great  many  advantages,  and  in  the  following 
brief  abstract  the  subject  will  be  considered  under  these  diffeimt 
heads. 

Many  animal  substances  have  been  already  fully  mentioned  in  the 
inorganic  part  of  this  work :  for  example, — water,  carbonic  acid,  and 
phosphate  of  lime ;  other  animal  substances,  as  urea,  formic,  and  hip- 
puric  acid  have  been  placed  in  the  organic  part,  because,  from  their 
composition,  relations,  and  propei-ties,  they  could  not  be  separated  from 
many  bodies  which  are  not  connected  wiUi  animal  chemistry.  As  the 
chemical  knowledge  of  other  animal  substances  is  perfected,  these  also 
will  be  placed  under  the  head  of  organic  chemistry ;  and  tiius  animal 
chemistry  will  ultimately  embrace  the  knowledge  of  the  composition 
and  properties  of  the  complex  fluids  and  structures  of  the  body,  and  of 
the  chemical  actions  resulting  from  the  air  and  food  which  are  requi- 
site for  the  support  of  animfU  life. 

Although  animal  chemistry  has  hitherto  occupied  the  attention  of  nearly 
every  gi-eat  chemist,  yet  comparatively  much  remains  to  be  done  and 
to  be  undone.  For  example, — ^the  very  different  substances  which  are 
included  under  the  term  protein*principles,  that  is,  of  which  protein  is 
the  first  product  of  decomposition  and  carbonate  of  ammonia  the  last, 
can  scarcely  yet  be  arranged  according  to  their  percentage-composition, 
much  less  be  represented  truly  by  any  formulte.  The  chemiool  com- 
position of  the  different  organs  and  textures  of  the  body,  for  instance, 
of  the  brain  or  blood,  or  even  of  the  bones,  is  differently  given,  accord- 
ing as  this  or  that  method  of  analysis  is  followed.  The  same  may  be 
nid  of  the  secretions  and  excretions ;   and  these  vary  so  much  at 
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different  times,  in  difierent  persons  and  in  different  classes  of  anii 
that  no  single  standard  of  comparison  can  be  adopted  ;  bot  the  higlMst 
and  lowest  limits  of  composition  for  health  and  disease  should  be  dks-- 
tnined.  For  example,  the  amount  of  the  different  substances  cr«i  m. 
the  blood  or  in  the  urine  will  vary  between  mazimnm  and  nunimira 
numbers,  and  these  are  not  yet  well  determined. 

A  still  more  difficult  problem  is  presented  to  the  dhemist  in  the  ia- 
Testigation  of  the  processes  which  take  place  in  the  bodies  of  animals 
and  vegetables.  The  solution  of  the  food  by  the  action  of  alkalis^ 
acids,  and  ferments ;  the  nutrition  of  the  organs  by  the  blood;  the 
production  of  animal  heat  by  the  action  of  inspired  oxygen  ;  and  the 
removal  from  the  body  of  the  substances  that  have  been  need  or  aie 
useless  or  injurious :  these  are  questions  which  in  future  years  will 
form  the  chief  subjects  of  investigation  in  animal  chemistry,  whilrt  ia 
vegetable  chemistry  the  influence  of  the  sunlight  in  promoting  the 
formation  of  the  innumerable  compounds  of  carbon  by  substitatkiB, 
will  have  to  be  determined. 
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Albctminoxtb  PBiNCiPLEfl. — Although  some  of  the  substances  which 
occur  in  anim&ls  are  found  also  in  minerals,  and  although  inorganic 
as  well  as  organic  substances  are  met  with  in  the  vegetable  as  well  as 
Uie  animal  creation,  yet  there  is  an  important  class  of  compounds  which 
require  to  be  moitioned  separately  hei*e. 

Albuhin. — The  fluid  portion  of  blood  which  has  been  some  time 
drawn  from  the  living  body,  and  the  white  of  ^gs,  contain  this  sub- 
stance as  their  chief  and  characteristic  ingredient.     In  the  purest  form 
in  which  albumin  has  yet  been  obtained  it  is  insoluble,  or  nearly  so,  in 
water.     If  dear  serum  of  blood,  or  white  of  egg  mixed  with  a  little 
water  and  filtered,  be  exactly  neutralized  by  acetic  acid,  and  thea 
ba^ly  diluted  with  pure  cold  water,  a  copious  flocculent  precipitate 
falk,  which  may  be  collected  on  a  filter,  and  washed.     In  this  state  it 
is  nearly  colourless,  inodorous,  and  tasteless :  it  dissolves  with  facility 
in  water  containing  an  exceedingly  small  quantity  of  caustic  alkali, 
and  gives  a  solution  which  has  all  the  characters  of  the  original  liquid. 
When,  dried  by  gentle  heat,  it  shrinks  .to  a  very  small  bulk,  and  be- 
comes a  translucent,  homy  mass,  which  softens  in  water,  and  exhales, 
when  exposed  to  heat,  the  usual  amraoniacal  products  of  animal  mat- 
ter, leaving  a  bulky  ooal,  very  difficult  of  combustion.    When  white  of 
egg  is  thinly  spread  upon  a  plate,  and  exposed  to  evaporation  in  a  warm 
place,  it  dries  up  to  a  pale-yellow,  brilliant,  gum-like  substance,  desti- 
tute of  all  traces  of  crystalline  structure.     In  this  state  it  may  be  pre- 
served unchanged  for  any  length  of  time,  the  presence  of  water  being 
in  all  cases  necessary  to  putrefactive  decomposition.     The  dried  white 
of  egg  may  also  be  exposed  to  a  heat  of  212^  (100^)  without  altera- 
tion of  properties.     When  put  into  slightly-warm  water,  it  soflens, 
and  at  length  in  great  measure  dissolves.     When  reduced  to  fine  pow- 
der and  washed  upon  a  filter  with  cold  water,  common  salt,  sulphate, 
phosphate,  and  carbonate  of  soda  are  dissolved  out,  together  with  mere 
traces  of  organic  matter,  while  a  soft  swollen  mass  remains  upon  the 
filter,  which  hais  all  the  characters  of  pure  albumin  obtained  by  preci- 
pitation.    When  dried  and  incinerated,  this  leaves  nothing  but  a  little 
phosphate  of  lime. 

It  thus  appears  likely  that  albumin,  instead  of  existing  in  two  dis- 
tinct conditions,  is  really^an  insoluble  substance,  and  that  its  soluble 
state  in  the  animal  system  is  due  to  the  presence  of  a  little  alkali. 

When  natural  albimiin  is  exposed  to  heat,  it  solidifies,  or  coagulaies* 
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The  temperatare  required  for  this  purpoK  varies  with  the  rtste  of 
dilation.  If  the  quantitT  of  albumin  be  so  great  that  the  Uqnid  bv 
a  slimy  aspect,  a  heat  of  145^  or  150^  (62°-7  or  65^-5C)  allffiol!^aai 
the  whole  becomes  white,  solid,  and  opaque ;  in  a  very  dilute  oooditiea 
boiling  is  required,  and  the  albumin  then  separates  in  light,  findj- 
divided  flocks.  Thus  changed  by  heat,  albumin  becomes  quite  insdnUt 
in  water  at  ordinary  pressure :  it  dries  up  to  a  yellow,  tnuupanat, 
horay  substance,  which,  when  macerated  in  water,  renames  its  former 
whiteness  and  opacity.  In  dilute  caustic  alkali  it  dissolres  with  facility, 
and  in  this  respect  resembles  the  inaolvble  albumin  just  described :  It 
differs,  however,  from  Ihe  latter  in  not  being  soluble  in  a  strong  scdntiaa 
of  nitrate  of  potassa,  which  dissolves  that  substance  with  great  mat. 
The  only  chemical  change  that  can  be  traced  in  the  act  of  coagnlatioa  b 
the  loss  of  alkali  and  soluble  salts,  which  are  removed  by  the  hot  waxer. 

A  solution  of  ordinary  albumin  gives  precipitates  with  ezoess  of 
sulphuric,  hydrochloric,  nitric,  and  tTur^a-phosphoric  acids ;  bat 
wiih  acetic  nor  with  common  or  tribnsic  phosphoric  add. 
precipitates,  which,  though  soluble  in  water,  are  insoluble  in  an 
of  dilute  acid,  are  looked  upon  as  direct  compounds  of  albumin  with 
the  acids  in  question.  Concentrated  hydrochloric  acid  gives  a  deep^ 
violet-blue  solution.  Most  of  the  metallic  salts,  as  those  of  ccuppsr, 
lead,  mercury,  &c.,  form  insoluble  compounds  with  albumin,  and  give 
precipitates  with  its  solution ;  hence  the  value  of  white  of  egg  as  aa 
antidote  in  cases  of  poisoning  with  corrosive  sublimate.  Alcohol,  added 
in  large  quantity,  precipitates  albumin :  ether  and  oil  of  turpentin  oosgo- 
late  the  albumin  of  the  white  of  eggs :  bt^t  these  reagents  do  not  aMot 
the  albumin  of  the  serum  of  the  blood.  Tannic  add,  or  iofusmi  of 
galls,  gives  with  it  a  copious  precipitate.  By  these  characten  the 
presence  of  albumin  may  be  rttdtly  discovered,  and  its  identificatMi 
effected :  a  very  feebly-alkaline  liquid,  if  ccxitaining  albumin,  ooagv* 
JUttes  by  heat,  becomes .  turbid  on  the  addition  of  nitric  acid,  and,  pre- 
viously acidulated  by  acetic  add,  gives  a  predpitate  with  solution  of 
corrosive  sublimate.  It  must  be  remembered,  that  a  oonadeiabie 
qnantity  of  alkali,  and  very  minute  quantities  of  the  minend  adds, 
prevent  coagulation  by  heat,  and  the  addition  of  acetic  add,  intiis 
pensable  to  the  mercury-test,  produces  the  same  effect. 

The  chemical  composition  of  albumin  has  been  carefully  studied:  it 
contains  in  100  parts — 

Carbon 53*5 

Hydrogen   ..,,,,  7*0 

Nitrogen         .•••••  15*5 

Oxygen       .••.•.  2*0 

Phosphorus     .•••••  0*4 

Sulphur     , 1*6 

lOO-O 
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The  existeDce  of  unozidized  sulphur  in  albumin  is  easily  shown ;  a 
boiled  egg  blackens  a  silver  spoon  from  a  trace  of  alicaline  sulphide 
formed  or  separated  during  the  coagulation :  and  a  solution  of  albumin 
in  excess  of  caustic  potassa,  mixed  with  a  little  acetate  of  lead,  gives  on 
boiling  a  black  precipitate  containing  sulphide  of  lead.  The  existence 
of  phosphorus  in  albumin  is  dofibtful. 

Fibrin. — This  substancjB  exists  in  soluj^ion  in  the  blood.  It  is 
procured  by  washing  the  ooagulum  ^f  bl€»pd  in  a  cloth  until  all  the 
soluble  portions  are  removed,  or  bjr  agi^iting  fresh  blood  with  a  bundle 
of  twigs,  when  the  fibrin  attaches  itself  to  the  latter,  and  is  easily 
removed  and  cleansed  by  repeal  W{ishing  w)th  cold  water.  The 
only  impurfty  then  remaining  is  a  small  quantity  of  fat,  which  can  be 
extracted  by  ether.  In  the  fi'esh  state,  fibrin  forms  long,  white,  elastic 
filAments:  it  is  quite  tasteless,  and  insoluble  in  both  hot  and  cold 
^'ater.  By  long-continued  boiling  it  is  partly  dissolved.  When  dried 
in  vacuo,  or  at  a  gentle  heat,  it  loses  about  80  per  cent,  of  water,  and 
becomes  translucent  and  homy :  in  this  state  it  closely  resembles  ooagu* 
lated  albumin.  Fresh  fibrin,  wetted  with  cuncentrated  acetic  acid,  forms, 
after  some  hours,  a  transparent  jelly,  which  slowly  dissolves  in  pure 
water :  put  into  a  very  dilute  caustic  alkali,  fibrin  dissolves  completely, 
and  the  solution  exhibits  many  of  the  characters  of  albumin.  Phofu 
phoric  acid  produces  a  similar  effect.  Boiled  with  strong  hydrochloric 
acid  for  several  hours,  fibrin  yields,  among  oUier  products,  leucine  (see 
page  625)  and  tyrosine  (see  page  669).* 

The  fibrin  of  arterial  and  venous  blood  is  not  absolutely  the  same; 
when  the  venous  fibrin  of  human  blood  is  triturated  in  a  mortar  with 
1^  times  its  weight  of  water  and  )  of  its  weight  of  nitrate  of  potassa^ 
and  the  mixture  is  left  24  hours  or  more  at  a  temperature  of  100^— 
120°  (370-7 — 480-8C),  it  becomes  gelatinous,  slimy,  and  eventually 
entirely  liquid :  in  this  condition  it  exhibits  all  the  properties  of  a 
solution  of  albumin  which  has  been  neutralized  by  acetic  acid.  It 
coagulates  by  heat,  it  is  precipitated  by  alcohol,  corrosive  sublimate,  &c., 
and  when  largely  dilated  it  deposits  a  flooculent  substance,  not  to  be 
distinguished  from  insoluble  albumin. f  With  arterial  fibrin,  on  the 
contrary,  no  such  liquefaction  happens,  and  even  the  fibrin  of  venous 
blood,  when  long  exposed  to  the  air,  or  to  oxygen  gas,  loses  tiie  pro- 
peity  in  question. 

In  the  soluble  state,  fibrin  is  in  a  great  measure  unknown  :  when 
withdrawn  from  the  Influence  of  life,  it  coagulates  sponttmeously  after 
a  certain  interval,  giving  rise  to  the  production  of  the  clot  which  ap- 

*  According  to  Piria,  horn  dbavlngs  boiled  with  moderately-strong  sul- 
l^urlc  acid  for  48  hoars,  nentralized  with  niiik  of  lime,  filtered,  evaporated. 
and  treated  with  carbonic  acid,  yield  likewise  tyrc«ine.  and  even  more  than 
fibrin  or  albamin.  Liebitc  obtained  this  subsiance  from  fresh  calves'  liver,  and 
in  various  diseases  it  has  Xx/exi  round  in  the  liver  of  man.  It  baa  been  thought 
that  tyrosine,  C.gHi ]N0«  is  compoMd  of  glycocine  and  aallgenin,  miiiiu  2  eq. 
of  water,  C4  H5NO44-C14  VL^O^  -  2H0. 

f  Ldobig, '  Handwbrtcrbuch  der  Uhemle,'  i.  881. 
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pean  in  Uood  left  to  itself,  and  which  ooosists  of  a  kind  of  fine  cfi- 
work  of  fibres,  swollen  with  liqoid  senini,  and  endosing  the  Ixttis  nA- 
ooloared  elobales  of  the  blood,  hereafter  to  be  described. 

M.  Mmder  found  dried  fibrin,  carefally  freed  frona  fiit,  to  be  cei^ 
posed  aa  follows : — 

Carbon 52*7 

Hfdrogen 6*9 

Nitrogen 15-4 

Oxygen 23-5 

Phosphorps      .        •        •        .        .      0*3 
Sulphur 1-2 

lOO'O 
The  ash,  or  incombustible  portion  of  fibrin,  varjing  from  0*7  to  2*5 
per  cent.,  consists  chiefly  of  phosphate  of  lime. 

Fibrin  of  flesh. — This  was  formerly  considered  to  be  identical 
with  the  fibrin  of  the  blood.  Liebig's  researches  hare  proyed  the 
contrary.  Whether  it  exists  in  the  body  in  the  coagulated  or  ancoago* 
lated  state  is  doubtful.  The  rigor  mortis  shows  that  it  probably  is  in 
the  latter  state.  Fresh-cut  meat  is  treated  with  cold  water,  and 
the  residue  is  mixed  with  water  containing  j^  hydrochloric  acid ;  a 
thickish  solution  is  thus  obtained  which  can  bTfiltered.  The  add  sols> 
tion  is  neutralized  by  ammonia,  which  causes  a  precipitate :  this  b 
washed  with  water,  alcohol,  and  ether.  It  is  then  dried.  The  fifaria 
thus  prepared  is  soluble  in  lime-water,  and  the  solution  coagulates  whoa 
boiled  like  albumin.  Strecker  found  the  following  numbers,  wkick 
correspond  to  albumin  more  than  to  fibrin  of  the  Uood :— > 

Carbon 55*23 

Hydrogen 7-39 

Nitrogen 15'84 

Oxygen 20*33 

Sulphur. 1*21 

Lehmann  has  given  this  suhetanoe  the  name  of  syntooin  (from 
ovrrefyciy). 

Casein. — This  is  the  characteristic  azotixed  component  of  milk,  and 
the  basis  of  the  various  preparations  termed  cheese.  It  probably  exists 
in  small  quantities  in  healthy  blood.  Casein  very  closely  resembles 
albumin  in  many  particulars,  and  may  even  be  oocaaionally  confounded 
with  it.  Like  that  substance,  it  is  insoluble  in  water  when  in  a  state 
of  purity,  and  only  assumes  the  soluble  condition  in  the  preEence  of 
free  alkali,  of  which,  however,  a  very  small  quantity  suffices  for  the 
purpose.  To  prepare  casein,  fresh  milk  is  gently  warmed  with  dilute 
sulphuric  acid,  the  ooagulum  produced  well  washed  with  water,  dia- 
solved  in  a  dilute  solution  of  carbonate  of  soda,  and  placed  in  a  warm 
situation  to  allow  the  fat  or  butter  to  separate  At>m  the  watery  liquid. 
The  latter  is  then  removed  by  a  siphon,  and  re-precipitated  by  sul- 
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phnric  acid.  These  precipitations  and  re-colutionB  in  dilate  alkali  are 
aereral  times  repeated.  Lastly,  the  insolable  casein  is  well  washed 
?nth  boiling  water,  and  treated  with  ether  to  remove  the  last  traces  of 
fiit.  In  this  state  it  is  a  white  curdy  substance,  not  sensibly  soluble  in 
pore  water  or  in  alcohol,  but  dissolved  with  great  ease  by  water  con- 
taining a  little  caustic  or  carbonated  alkali.  It  is  also  sdnble  to  a 
certain  extent  in  dilute  acids,  from  which  it  may  be  precipitated  by 
cautions  neutralizatiou.  The  precipitate  formed  by  an  acid  in  a  strong 
solution  of  casein  contains  acid  in  combination,  which,  however,  may  be 
entirely  removed  by  washing.  In  the  moist  state  casein  reddens  litmus- 
paper,  and  masks  the  reaction  of  an  alkaline  carbonate.  When  incine- 
rated, it  leaves  about  0*3  per  cent,  of  incombustible  matter. 

A  solution  of  casein  in  very  dilute  alkali,  as  in  mUk,  does  not 
ooagolate  on  boiling.  On  evaporation  the  snrfaoe  becomes  covered  by 
a  skin,  in  consequence  of  the  action  of  the  oxygen  of  the  air  on  the 
essein,  and  the  whole  eventually  dries  up  to  a  tnuisluoent  mass.  Acetic 
acid  precipitates  casein,  which  is  a  distinctive  character  between  that 
substance  and  albumin. 

By  fusion  with  hydrate  of  potassa  casein  yields  valeric  and  butyric 
acids,  besides  other  products. 

The  moat  striking  property  of  casein  is  its  coagulability  by  certain 
animal  membranes.  This  is  well  seen,  in  the  process  of  cheese-making, 
in  the  preparation  of  the  curd.  A  piece  of  the  stomach  of  the  calf, 
with  its  mucous  membrane,  is  slightly  washed,  put  into  a  large  quan- 
tity of  nulk,  and  the  whole  slowly  heated  to  about  122<^  (50°C).  In  a 
short  time  after  this  temperature  has  been  attained,  the  milk  is  ob- 
served to  separate  into  a  solid,  white  coegulum,  or  mass  of  curd,  and 
into  a  yellowish,  ti'ansluoent  liquid  called  whey.  The  curd  contains  all 
the  casein  o[  the  milk,  much  of  the  fat,  and  much  of  the  inorganic 
matter :  the  whey  retains  the  milk-sugar,  and  the  soluble  salts.  It  is 
just  possible  that  this  mysterious  change  may  be  really  due  to  the 
formation  of  a  little  lactic  acid  from  the  milk-sugar,  under  the  joint 
influence  of  a  slowly-decomposing  membrane  and  the  elevated  tempe- 
rature, and  that  this  acid  may  be  sufficient  in  quantity  to  withdraw 
the  alkali  which  holds  the  casein  in  solution,  and  thus  occasion  its 
precipitation  in  the  insoluble  state.  The  loss  of  weight  the  membrane 
itself  suffen  in  this  operation  is  very  small :  it  has  been  found  not  to 
exceed  jjU  part. 

Caseinnas  been  analyzed  by  Mulder:  it  contains  in  100 

Carbon  .        .         .        .  *      .        .    53-83 
Hydrogen  .         .        .        .'       .  7'15 

Nitrogen 15*65 

sJp^} fif! 

100*00 

2  z 
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When  precipitated  hj  acetic  acid  and  washed  with  aloobol  aad  ^Am 
it  contains  about  1  per  cent,  of  sulphor.  When  not  treated  with  wai 
it  contains  about  6  per  cent,  of  phosj^ate  of  lime. 

A  comparison  of  the  composition  of  these  three  bodies  daicrik>' 
is  rery  remarkable,  as  it  shows  that  they  are  rerj  closelj  rekted 
in  composition.  The  fibrin  contains  rather  a  lar^ger  quairtitj  af 
oxygen  than  the  albumin,  and  the  casein  contains  no  jhoefhonm. 
As,  however,  it  is  rery  doubtful  whether  these  sabstuees  km 
been  obtained  in  an  unmiied  and  pure  state,  no  ibmiube  csa  be 
given. 

Hjexatocrtstalun. — ^When  fresh-drawn  blood  is  allowed  ts 
coagulate,  and  the  serum  poured  off.  and  the  dot  squeezed  tJim^  • 
linen  filter,  and  washed  with  more  than  an  equal  volmne  of  watff 
through  which  oxygen  gas  is  passed  for  half  an  hour,  and  aftowai^ 
carbonic  acid  gas  for  five  minutes,  crystals  of  hsBinatoci  y  stallin  ait 
deposited.  These  crystals,  treated  with  alcohol,  ether,  and  water  pne 
in  100  parts — 

Carbon  ...  55 

Hydrogen.  .  7 

Nitrogen       ...  17 

Sulphur    ...  0,  2 

Ash      ....  1,  3  chiefly  oxide  of  iron. 

Lehmann  says,  that  four  varieties  of  crystals  oocor  in  difiercBl 
animals,  prismatic,  tetrahedral,  hexagonal,  and  rhombohedric.  Ik 
crystals  are  dissolved  by  caustic  ammonia,  and  predpitaied  when  the 
ammonia  is  neutralized  by  acetic  add.  The  watery  solution  of  the 
crystals  gives  a  predpitate  with  nitric  acid.  Acetic  acid  dissolves  tk 
crystals  easily,  and  the  yellow  solution  is  predpitated  in  white  flakes  bf 
ferrocyanide  of  potassium. 

I^TEIK. — ^Mulder  observed  that  when  albumin,  fibrin,  or 
was  dissolved  in  a  moderatdy  strong  solution  of  caustic  alksU. 
digested  at  140°  (60°C),  or  therealwuts,  in  an  open  vessel  until  the 
liquid  ceased  to  blacken  with  a  salt  of  lead,  and  then  filtered,  and 
mixed  with  a  slight  excess  of  acetic  acid,  a  copious,  snow-white  floo- 
culent  precipitate  fell,  and  a  faint  odour  of  sulphuretted  hydrogoi  was 
evolved.  The  new  substance  he  called  protein.*  He  stated  that  it 
was  free  from  sulphur  and  phosphorus,  and  that  it  was  by  tiie  com> 
bination  of  difierent  quantities  of  these  elements  with  protein,  that 
albumin,  fibrin,  and  casein  were  produced,  the  protein  pre-existing  ia 
each  of  these  substances.  It  is,  however,  now  admitted,  that  neitho' 
by  the  above-mentioned  treatment,  nor  in  any  way,  can  a  aabstanoe 
firee  from  sulphur  be  obtained,  and  the  protein  must  therefore  be  con- 

*  So  called  from  wpwrvuM,  /  take  tKe  Jlrtt  ptaoe;  in  allosian  to  its  alleged 
Important  relattons  to  the  altmminotis  principles. 
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sidered  as  one  of  the  first  products  of  the  decomposition  of  albumin, 
fibrin,  and  casein,  hy  moderatelj-strong  caustic  alkali. 

When  albumin,  fibrin,  or  casein  are  boiled  in  strong  solution  of 
potassa,  as  long  as  ammoniacal  rapours  are  given  off,  the  liquid  thai 
neutralized  with  sulphuric  acid,  evaporated  to  dryness,  and  the  product 
exhausted  by  boiling  alcohol,  three  compounds  are  dissolved  out,  viz., 
a  soluble,  brown  extract-like  substance,  erythroprotide  \  a  soluble 
straw-yellow  substance,  protide ;  and  a  curious  crystallizable  principle, 
leucine,  which  forms  small  colourless  scales,  destitute  of  taste  and 
odour,  soluble  in  water  and  alcohol,  and  in  concentrated  sulphuric  acid 
without  decomposition.  When  heated,  it  sublimes  unchanged.  Leucine 
contains  C12H19NO4,  (see  page  625). 

BiNOXiDE  AND  Tebozide  OF  Protetn. — ^These  names  were  given 
by  Mulder  to  products  of  the  long-continued  action  of  boiling  water 
upon  fibrin  in  contact  with  air :  they  are  said  to  be  the  chief  ingre- 
dients also  of  the  bvtfy  coat  of  blood  in  a  state  of  infiammation,  bdng 
produced  at  the  expense  of  the  fibrin.*  They  cannot  be  obtained  free 
from  sulphur.  Bmoxide  of  protein  is  quite  insoluble  in  water,  but 
dissolves  in  dilute  acids :  when  dry  it  is  dark  coloured.  The  soluble 
part  of  the  fibrin-decoction  cmitains  teroxide  of  protein,  which  some- 
what resembles,  and  has  been  confounded  with,  gelatin.  It  is  freely 
soluble  in  boiling  water,  and  in  dilute  alkalis.  Coagulated  albumin  is 
slowly  dissolved  by  boiling  water,  and  said  to  be  converted  into  tiiis 
substance.  The  solution  in  cold  vrater  gives  a  precipitate  with  nitric 
acid  which  is  redissolved  on  the  application  of  heat,  and  reprecipitated 
when  cooled. 

When  chlorine  gas  is  passed  to  saturation  into  a  solution  of  ordinary 
albumin,  or  either  fibrin  or  casein  dissolved  in  ammonia,  a  white,  floc- 
culent,  insoluble  substance  falls,  which,  when  washed  and  dried, 
becomes  a  soft  yellowish  powder.  This  is  supposed  to  be  a  compound 
of  chlorous  acid  and  protein :  when  digested  with  ammonia,  it  yields 
sal-ammoniac  and  teroxide  of  protein. 

ALBUMINO6E. — Probably  closely  related  to  (if  not  identical  with)  the 
so-called  teroxide  of  protein,  is  the  substance  called  by  M.  Miahle  cUbU' 
minose  and  by  M.  Lehmann  albitmm  peptone.  Normal  albumin,  in  the 
process  of  digestion,  is  converted  first  into  modified  albumin,  which 
M.  Miahle  calls  caaeiforme,  from  its  insolubility  in  water  and  solubility 
in  acids  and  alkalis,  nitric  acid  giving  a  precipitate  which  dissolves  on 
the  addition  of  more  add.  ThiB  form  of  albumin,  as  digestion  pro- 
ceeds, passes  into  a  substance  soluble  in  water,  which  he  calls  albuminose. 
This  is  not  precipitable  by  heat  nor  nitric  acid,  but  gives  an  abundant 
precipitate  with  salts  of  lead,  mercury,  silver,  and  tannic  acid.  It  is 
insoluble  in  alcohol.  The  difference  in  the  elementary  composition  of 
these  substances  is  not  determined ;  but  tiieir  reactions  under  the 
influence  of  heat  and  with  nitric  add  are  very  distinctive.  Albu- 
minose,  or  a  substance  having  the  same  reactions,  exists  in  healthy 
*  Mulder,  *  Annslen  der  Qxemie  und  Fharmacle/  xlvU.  323. 
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aemen,  and  has  been  found  in  very  large  quantity  in  the  izrine  ef  a 
patient  safiering  from  mollities  ossiom.*  *        , 

Globulin  erists  in  concentrated  solution  in  the  crystalline  Icoi,  aad 
in  the  blood-globules.  The  crystalline  lens  is  tiitanited  with  vater, 
and  the  dear  fluid  obtained  by  filtration  is  evaponited  to  drmm  it 
122°  (50<^).  The  dry  re»due  is  then  powdered  and  tretitA  witk 
ether  and  alcohol,  to  separate  tatty  matter  and  salts.  When  dissdrdl 
in  water  it  is  precipitated  by  strong  alcohol,  like  alhmnin  :  it  is  tfaa 
no  longer  soluble  in  water,  but  it  is  partly  sohable  in  dilate  baafia; 
alcohol.  This  reaction  distinguishes  it  from  albumin.  Uke  albimiB, 
it  is  coagulated  by  heat,  and  has  the  same  reaction  with  minenl  aab 
and  salts. 

Mulder  has  analyzed  the  coagulated  globulin  from  the  crfstaHiae 
lens.    He  gives 

Carbon         ......     54*60 

Hydrogen 6*94 

Nitrogen 16-22 

O^S^  \ 22-24 


Sulphur 


lOO-OO 


He  found  only  0*3  per  cent,  sulphur  and  no  pbo^horua.    Othenhait 
found  1*134  per  cent,  sulphur. 

Gelatut  akd  chondrin. — Animal  membranes,  skin,  tendons,  ani 
even  bones,  dissolve  in  water  at  a  high  temperature  more  or  len  eon- 
pletely,  but  With  very  different  degrees  of  facility,  giving  solnlaiai 
which  on  cooling  acquire  a  soi^solid»  tremulous  consistence.  TIk 
substance  so  produced  is  called  gekttm :  it  does  not  pre-exist  in  the 
animal  system,  but  is  generated  from  the  membranoas  tissue  by  thr 
action  of  hot  water.  The  jelly  of  eajyes'  feet,  and  conmioa  siae  tai 
glue,  are  familiar  examples  of  gelatin  in  difierent  conditions  of  poii^. 
Isinglass,  the  dried  swimming-bladder  of  the  sturgeon,  disserves  m. 
water  merely  warm,  and  yields  a  beautifully  pure  gelatin.  In  this 
state  It  is  white  and  opalescent,  or  translucent,  quite  insipid  and  m- 
odorous,  insoluble  in  cold  water,  but  readily  diaolving  by  a  alight 
devation  of  temperature.  Out  into  slices  and  exposed  to  a  carRnt  «f 
dry  air,  it  shrinks  prodigiously  in  volume,  and  becomes  a  tmngprnra^ 
glassy,  brittle  mass,  which  is  soluble  in  wann  water,  bat  insolahle  b 
alcohol  and  ether.  By  dry  distillation  a  watery  fluid  is  prodnoed, 
containing  much  carbonate  of  ammonia,  and  a  thick  brown  oil,  ia 
which,  boddes  carbonate  of  ammonia,  sulphide  of  ammonium^  cyamide 
of  ammonium,  and  neutral  oily  bodies,  various  basic  substanoes  exist, 
as  aniline,  picoline,  methylamine,  trimethylamine,  butylamine,  mai 
probably  many  others.  In  a  dry  state,  gelatin  may  be  kept  inde&nitely : 
in  contact  with  water,  it  becomes  acid,  loses  the  property  of  gdati- 

*  See '  FbUow^iosl  TnauKAtoas,'  1848. 
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tinizing,  and  putrefies^  Long-oontmued  boiling  gradaaUy  aUen  it, 
and  the  solution  loses  the  power  of  forming  a  jelly  on  cooling.  1  part 
of  dry  gelatin  or  isinglass  dissolved  in  100  pails  of  water  solidifies  on 
cooling. 

An  aqneoos  solution  of  gelatin  is  precipitated  by  alcohol,  which 
withdraws  the  water:  corrosive  sublimate  in  excess  gives  a  white 
flocculent  precipitate,  and  the  same  happens  with  solution  of  nitrate  of 
the  sub-  and  prot-ozide  of  mercury :  neithei*  alum,  acetate,  nor  basic 
acetate  of  lead  affect  a  solution  of  gelatin.  With  tannic  acid  or  infu- 
sion of  galls  gelatin  gives  a  copious,  whitish  curdy  precipitate,  which 
coheres  on  stirring  to  an  elastic  mass,  quite  insoluble  in  water,  and  in- 
capable of  putrefaction. 

Tannic  add  is  the  only  acid  that  gives  a  precipitate  with  a  solution 
of  gelatin.    It  does  so  even  when  the  solution  is  exceedingly  dilate. 

Chlorine  passed  into  a  solution  of  gelatin  occasions  a  dense  white 
precipitate  of  chlorite  of  gelatin^  which  envelopes  each  gas-bubble, 
and  ultimately  forms  a  tough,  elastic,  pearly  mass,  somewhat  resem- 
bling fibrin.  Boiling  with  strong  alkalis  converts  gelatin,  with  evolu- 
tion of  ammonia,  into  leucine,  and  a  sweet  crystallixable  principle, 
gelatmsugar  or  glycoooll,  or  better,  glycocine,  containing  C4H2NO4. 
Thia  remarkable  substance  was  first  formed  by  the  action  of  cold  oon- 
oentrated  sulphuric  acid  upcMi  gelatin,  and  has  lately  been  obtained  by 
the  action  of  acids  upon  hippuric  acid,  which  is  thereby  resolved  into 
benzoic  acid  and  glycocine  (see  page  625). 

When  a  dilute  solution  of  gelatin  is  distilled  with  a  miztm^e  of 
bichromate  of  potassa  and  sulphuric  acid,  it  yields  a  number  of  extra^ 
ordinary  products,  as  acetic,  valeric,  benzoic,  and  hydrocyanic  acids,  and 
two  volatile  mif  principles  termed  vcUeronitrile  and  veUeracetonitrile, 
The  former  is  a  thin  colourless  liquid,  of  aromatic  odour,  like  that  of 
hydride  of  salicyl :  it  is  lighter  than  water,  boils  at  257^  (125^),  and 
contains  Ci^H^.  The  latter  much  resembles  the  first,  but  boils  at 
158^  (70^),  and  contains  Ci^Hg^NaO,.  Alkalis  convert  valeionitrile 
into  valeric  acid  and  ammonia,  and  valeracetonitrile  into  valeric  and 
acetic  acid  and  anmionia.  It  is  vei^  probable  that  the  latter  com- 
pound is  a  mixture  of  acetonitrile  and  valcronitrile. 

D17  gelatin,  subjected  to  analysis,  baa  been  found  to  contain  in  100 
parts — 

Carbon  .  .  .         50*05 

Hydrogen  »  .  •  6*47 

Nitrogen  .  .  .         18*35 

Oxygen  .  .  .  25*13 

100*00 

From  these  numbers  the  doubtful  formulse  Cifij^fifi^,  and 
Cat^M^sO^  have  been  deduced.  From  0*12  to  0*14  percent,  of 
si^phur  has  been  found  to  be  present. 

The  cartilage  of  the  ribs  and  joints  yields  a  gelatin  differing  in  some 
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respects  from  the  preceding :  it  is  called,  by  way  of  distmctioiii. 
It  is  leas  soluble  in  boiling  water  than  gelatin.  It  is  predpitsted  fiva 
its  solution  by  acetic  acid,  and  is  not  soluble  in  an  excess  of  add.  Othff 
adds  in  very  small  quantities  precipitate  chondrin,  but  the  di^ktest  ex- 
cess redissolves  the  predpitate.  Acetate  of  lead  and  solution  of  afam 
also  predpitate  this  substance.  These  reactions  distiDgniah  duadxis 
from  gelatin.    Scherer  gives 

Carbon  .             .             .50-75 

Hydrogen  .  .             .                  6*90 

Nitrogen  .                                     14-70 

Oxygen    .  .             .                 27-65 

To  chondrin  the  doubtful  formula  CssH^N^O^  and  C^B^^fif^ 
hare  been  given. 

If  a  solution  of  gelatin,  albumin,  fibrin,  casein,  or  probably  any 
one  of  the  more  complex  azotized  animal  prindples,  be  mixed  wHk 
solution  of  sulphate  of  copper,  and  then  a  laige  excess  of  caostie 
potassa  added,  the  greenish  predpitate  first  formed  is  redissolred*  and 
the  liquid  acquires  a  purple  tint  of  indescribaUe  magniiioeDoe  and 
great  intensity. 

Gdatin  is  largely  employed  as  an  artide  of  food,  as  in  aonpa,  &c ; 
but  its  value  in  this  i-espect  has  been  perhaps  overrated.  In  the 
useful  arts  size  and  glue  are  consumed  in  great  quantities.  These 
are  prepared  from  the  dippings  of  hides,  and  other  similar  matten, 
endosed  in  a  net,  and  boiled  with  water  in  a  large  caldnm.  The 
strained  solution  gelatinizes  on  cooling,  and  constitutes  size.  Glue  is 
the  same  substance  in  a  state  of  desiccation,  the  sixe  being  cut  mto 
slices  and  placed  upon  nettings  freely  exposed  to  a*  current  of  air. 
Gelatin  is  extracted  from  bones  with  much  greater  difficulty :  the  best 
method  of  proceeding  is  said  to  be  to  enclose  the  bones,  previoody 
crushed  in  strong  metallic  cylinders,  and  admit  high-pressure  steun, 
which  attacks  and  dissolves  the  animal  matter  mudi  more  easily  than 
boiling  water  ]  or,  to  steep  the  bones  in  dilute  hydrochloric  add,  therdiy 
removing  the  earthy  phosphate,  and  then  dissolve  the  soft  and  flexitk 
residue  by  boiling. 

There  is  an  important  economical  application  of  gelatin,  or  rather  of 
the  material  which  produces  it,  which  deserves  notice,  viz.,  to  tbe  clari- 
fying of  wines  and  beer  from  the  findy-divided  and  suspended  matter 
which  often  renders  these  liquors  muddy  and  unsightly.  When  iirfnglaiiff 
is  digested  in  very  dilute  cold  acetic  add,  as  sour  wine  or  beer,  it 
softens,  swells,  and  assumes  the  aspect  of  a  very  light  ti-ansparent  jeDy, 
which,  although  quite  insoluble  in  the  cold,  may  be  readily  mixed  with 
a  lai^  quantity  of  watery  liquid.  Such  a  preparation,  technically  called 
finingSf  is  sometimes  us^  by  brewers  and  wine-merdiants  for  tiie  pur- 
pose before  mentioned :  its  action  on  the  liquor  with  which  it  is  mixed 
seems  to  be  purely  mechanical,  the  gelatinous  matter  slowly  subsiding 
to  the  bottom  of  the  cask,  and  carrying  with  it  the  insoluble  substaiice 
to  which  the  turbidity  was  due. 
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ON  THE  ANIMAL  FLUIDS. 


BLOOD,  UBINE,  SWEAT,  SALIVA,  OASTRIO  JUIOE,  BILE,   CHYLE, 

MUCUS,  PUS,  MILK. 


Composition  of  the  blood. — ^The  blood  U  the  general  circalatiiig 
fluid  of  the  animal  bodj,  the  source  of  all  nutriment  and  growth,  and 
the  general  material  from  which  all  the  secretions,  howerer  much  thej 
may  differ  in  properties  and  composition,  are  derived.  Food  or  nourish- 
ment from  without  can  only  be  made  available  by  being  first  converted 
into  blood.  It  serves  also  the  scarcely  less  important  office  of  remov- 
ing and  carrying  off  principles  from  the  body  which  are  hurtful,  or  no 
longer  required. 

In  all  vei-tebrated  animals  the  blood  has  a  red  colour,  and  probably 
in  all  cases  a  temperature  above  that  of  the  medium  in  which  the  crea- 
ture lives.  In  the  mammalia  this  is  very  apparent,  and  in  the  birds 
still  more  so.  The  heat  of  the  blood  is  directly  connected  with  the  de- 
gree of  activity  of  the  respiratory  process.  In  man  the  temperature 
of  the  blood  seldom  varies  much  from  98^  (36^6C),  when  in  a  state  of 
health,  even  under  great  vicissitudes  of  dunate :  in  birds  it  is  some- 
times as  high  as  109^  (42<^*8C).  To  these  two  highest  classes  of  the 
animal  kingdom,  the  mammifers  and  the  birds,  the  observations  about 
to  be  made  are  intended  especially  to  apply. 

In  every  creature  of  this  description  two  kinds  of  blood  are  met 
with,  whid)  differ  very  considerably  in  their  appearance,  viz.,  that  c<»i- 
tained  in  the  left  side  of  the  heart  and  in  the  arteries  generally,  and  that 
contained  in  the  right  side  of  the  heart  and  in  the  veins ;  the  former, 
or  arterial  blood,  has  a  bright^red  colour,  the  latter,  the  venous  blood, 
is  bladdsh-purple.  Further,  tiie  conversion  of  the  dark  into  the  florid 
blood  may  be  traced  to  what  takes  place  during  its  exposure  to  the  air 
in  the  lungs,  and  the  opposite  change,  to  what  takes  place  in  the  capil- 
^es  of  the  general  vascular  system,  or  the  minute  tubes  or  passages, 
distributed  in  countless  numbers  throughout  the  whole  body  which 
connect  the  extremities  of  the  arteries  and  veins.  When  compared 
together,  little  difference  of  properties  or  composition  can  be  found  in 
the  two  kinds  of  blood :  the  fibrin  varies  a  little,  that  from  venous 
blood  being,  as  already  mentioned,  soluble  in  a  solution  of  nitrate  of 
potaasa,  which  is  not  the  case  with  arterial  fibrin.  It  is  very  prone, 
^ides,  to  absorb  oxygen,  and  to  beoome,  in  all  probability,  partly 
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changed  to  the  binoxide  of  protein,  which  no  doubt  exuts  in  the 
of  arterial  blood.  The  aolj  other  notable  point  of  diflerenoe  is  ia  the 
gaseons  matter  the  blood  holds  in  soluticn,  carbonic  acid  predoms^iBg 
in  the  voioas,  and  free  oxygen  in  the  arterial  Tariefy. 

In  its  ordinary  state  the  blood  has  a  slimy  feel,  a  denei^  rsrjij^ 
from  1*053  to  1*057,  and  a  decidedly  alkaline  reaction,  partly  from  sodb 
combined  with  albumin,  and  partly  from  carbonate  szhI  {^Mcphaie  of 
soda :  it  has  a  saline  and  disagreeable  taste,  and,  whoi  qoite  recent,  a 
peculiar  odour  or  halitus,  whidi  almost  immediately  dii»ppean.  Ai 
odour  may,  however,  afterwards  be  developed  by  an  additim  of  ioi- 
phuric  acid,  which  is  by  some  considered  characteristic  of  the  aaiiul 
from  which  the  blood  was  obtained. 

The  coagulation  of  blood  in  re* 
Ffg,lS^  pose  has  hem  already  notafe«i,«Bdila 

cause  traced  to  the  apoatamotts  aoiti> 
dification  of  the  fibrin :  the  tStek,  b 
best  seen  when  the  blood  is  reoeivei 
into  a  shallow  vessel,  aad  left  t» 
itself  some  time.  No  evolalifln  af 
gas  or  absorption  of  oxygea  takai 
place  in  this  proceaa.  Bj  atn^ 
agitation  coagulation  may  be  pie- 
vented  ;  the  fibrin  in  this  case  te^ 
rates  in  cohering  fikunents. 

To  the  naked  eye  the  blood  ap- 
pears a  homogeneous  fluid;  bat  it 
is  not  so  in  reality.  Wfaoi  as. 
mined  by  a  good  microGcope,  it  is 
seen  to  consist  of  a  taranapanBt 
and  nearly  oolourless  liquid,  is 
which  fioat  about  a  oountleas  mal- 
titode  of  little  round  red  bodies  to  which  the  colour  is  doe ;  tbese 
are  the  blood-discs  or  biood-oorputcles  of  microscopic  obscrren. 
They  are  accompanied  by  oolourless  globules,  fewer  and  larger,  the 
white  oorpuades  of  the  blood. 

The  btood-diacs  are  found  to  present  different  appearances  in  tiw 
blood  of  different  animals  ;  in  the  mamroifers  they  look  like  little  roood 
red  or  yellowish  discs,  thin  when  compared  with  their  diametu-,  \mag 
flattened  or  depressed  on  opposite  sides.  In  birds,  lizards,  ftog%  and 
fifldi,  the  oorpusdes  are  elliptical.  In  magnitude  they  seem  to  be 
pretty  constant  in  all  the  members  of  a  species,  but  differ  with  the 
genus  and  order.  In  man  they  are  very  small,  varying  from  ^^  ia 
^  of  an  inch  in  breadth,  while  in  the  frog  the  long  diameter  M^the 
Siipse  measures  at  least  four  times  as  much.  The  corpuscles  oonsiii 
of  an  envelope  containing  a  fluid  in  which  the  red  oolouring^matter  <tf 
the  blood  is  dissolved. 

The  coagulation  of  blood  effects  a   kind   of  natural    pnuomate 
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aiialTBia ;  the  dear,  pale  serum,  or  fluid  part,  is  an  alkaline  aolutloa  of 
albumin,  containing  Tarioos  aolnble  salts;  the  clot  i»  a  mechanical 
mixture  of  fibrin  and  blood  globules,  swollen  and  distended  with  seram, 
of  which  it  absorbs  a  large  but  variable  quantity. 

When  the  coagulum  of  blood  is  placed  upon  bibulous  paper,  and 
diained  as  much  as  possible  from  the  fluid  portion,  and  then  put  into 
water,  the  envelope,  which  consists  of  globulin,  dissolves  and  sets  free 
the  colouring  matter,  forming  a  magnificent  .crimson  solution,  which 
haa  many  of  the  characters  of  a  dye-stuff.  It  contains  albumin  and 
globulin,  and  coagulates  by  heat  and  by  the  addition  of  alcohol :  this 
albumin  and  globulin  cannot  be  separated,  and  attempts  to  isolate  the 
hemaioam  or  red  pigment  have  consequently  failed.  From  its  extreme 
susceptibility  of  change^  it  is  not  known  in  a  state  of  purity.  The 
above  watery  solution,  exposed  with  extensive  surface  in  a  warm  place, 
dries  up  to  a  dark-red,  brittle  mass,  which  is  again  soluble  in  water. 
After  coagpulation  it  becomes  quite  insoluble,  but  dissolves^  like  albumin, 
in  caustic  alkalis.  Cai-honic  and  sulphurous  acids  blacken  the  red  so- 
lution :  oxygen,  or  atmo&|4ieric  air,  heightens  its  colour ;  protoxide  of 
nitrogen  renders  it  purple ;  while  sulphuretted  hydrogen,  or  an  alka- 
line sulphide,  changes  it  to  a  dirty  greenish-black. 

Hematosin  differs  from  the  other  animal  principles  in  containing  as 
an  essential  ingredient  a  remarkable  quantity  of  the  oxide  of  the 
metal  iron.  If  a  little  of  the  dried  clot  of  blood  be  calcined  in  a 
crucible,  and  digested  with  dilute  hydrochloric  acid,  a  solution  will  be 
obtained  rich  in  oxide  of  iron ;  or  if  the  solution  of  colouring  matter 
JQst  referred  to  be  treated  with  excess  of  chlorine  gas,  the  yellow 
liquid  separated  from  the  nayish  coagulum  formed  will  be  found  to 
give  in  a  Htriking  manner  the  well-known  reactions  of  sesquioxide  of 
iron.  There  is  little  doubt  either  about  the  condition  of  the  metal : 
sesquioxide  of  iron  is  withdi'awn  from  the  dry  clot  by  the  cautions 
addition  of  sulphuric  acid,  and  without  much  alteration  of  the  colour 
of  the  mass.*  It  is  well  known  that  certain  oi^nic  matters,  as  sugar 
and  tartaric  add,  prevent  the  precipitation  of  sesquioxide  of  iron  by 
alkalis,  and  its  recognition  by  ferrocyanide  of  potassium,  and  it  i« 
▼ery  likelv  that  the  blood  may  contain  a  substance  or  substances  ca- 
pable of  doing  the  same. 

Hematoain,  necessarily  in  a  modified  state,  contains,  according  to 
Mulder,  in  100  parts : — 

Carbon 65*3 

Hydrogen 5*4 

Nitr(^n          .         »        .        »        •  10*4 

Oxygiak 11 '9 

Iron 7*0 


100-0 
•  lieHg;  *  HaodwOrtertmch,'  L  886. 
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The  followins  table  represents  the  composition  of  heahfay  ha 
blood  as  a  whok;  it  is  on  the  aothority  of  M.  Lecmu:* — 

(I.)  (2.) 

Water 780-15       785-58 

Fibrin 2-10  3-57 

Albumin 65-09         69-41 

Colouring  matter  .        .        •        .         133-00       119-63 
Crystallizable  fat    '   .        .        .        .        2*43  4*30 

Fluid  fat I'Sl  2-27 

Extractive  matter  of  uncertain  nature,)       ^  -g  « .  aa 

soluble  in  both  water  and  alcohol     ,f 
Albumin  in  combination  with  soda       .         1*26  2*01 

Chlorides  of  sodium  and  potassium; 
carbonates,  phosphates,  and  sulphates 
of  potassa  and  soda 
Carbonates  of  lime  and  magnesia;  phos- 
phates of  lime,  magnesia,  and  iron ; 
sesquiozide  of  iron  . 
Loss 2*40  2-59 


:( 


8-37  7'SO 

2-10  1-42 


1000-00     1000-00 

In  healthy  individuals  of  different  sexes  these  proportions  are  fbuad 
to  vary :  the  fibrin  and  colouring  matter  are  usually  more  abnndaiit  is 
the  male  than  in  the  female :  in  disease,  variations  of  a  fiu-  wider 
extent  are  often  apparent 

It  appears  singular  that  the  red  corpuscles,  which  are  so  easily  dii- 
solved  by  water,  should  remain  uninjured  in  the  fluid  portion  of  tfat 
blood.  This  seems  partly  due  to  the  presence  of  saline  matter,  sad 
partly  to  that  of  albumin,  the  corpuscles  being  alike  insolable  in  a 
strong  solution  of  salt  and  in  a  highly-albuminous  liquid.  In  t^ 
blood  the  limit  of  dilution  within  which  the  corpusdes  retain  tbor 
integrity  appears  to  be  nearly  reached,  for  when  water  is  added  they 
immediately  become  attacked.     . 

Urine. — The  urine  is  the  great  channel  by  which  the  axotised 
matter  of  those  portions  of  the  body  which  have  been  taken  ap  by- the 
absorbents  is  conveyed  away  and  rejected  from  the  system  in  the  fbin 
of  urea.  It  serves  also  to  remove  superfluous  water  and  foreign  so- 
luble matters  which  get  introduced  into  the  blood. 

The  two  most  remarkable  and  characteristic  constituents  of  oiine, 
urea  and  uric  acid,  have  already  been  fully  described ;  in  addition  to 
these,  it  contains  sulphates,  chlorides,  phosphates  of  lime,  and  magae^ 
sia,  alkaline  salts,  and  certain  yet  imperfectly  known  principle,  in- 
cluding an  odoriferous  and  a  colouring  substance  (see  foot-note  to 
pRge  716). 

Healthy  human  urine  is  a  transparent,  light  amber-oolonred  liquid, 
•  *  Ann.  Chim.  et  Fhya/  xlvilL  320. 
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which,  while  warm,  emits  a  peculiar,  aromatic,  and  not  disagreeable 
odour.  This  is  lost  on  cooling,  while  the  urine  at  the  same  time 
oocaaionallj  becomes  turbid  from  a  deposition  of  urates,  which  re- 
dioolye  with  slight  elevation  of  temperature.  It  is  very  decidedly 
acid  to  test-paper  ^  this  acidity  has  been  ascribed  to  acid  phosphate 
of  soda,  to  nree  uric  acid,  and  to  free  lactic  acid :  lactic  acid  can,  how- 
ever, hardly  coexist  with  alkaline  urates,  and  the  amorphous  buff- 
ooloured  deposit  obtained  from  fresh  urine  by  spontaneous  eTaporation 
m  vacuo  is  not  uric  acid,  but  mixed  acid  urates,  modiiied  as  to  crystal- 
line form  by  the  presence  of  minute  quantities  of  chloride  of  sodium. 
That  a  free  acid  is  sometimes  present  in  the  urine  is  certain:  in  this 
oiae  the  reaction  to  test-paper  is  far  stronger,  and  the  liquid  deposits  on 
standing,  little  red,  hard  crystals  of  uric  acid ;  but  this  is  no  longer  a 
normal  secretion. 

An  alkaline  condition  of  the  urine  from  fixed  alkali  is  sometimes  met 
with.  Such  alkalinity  can  always  be  induced  by  the  administration  of 
neatral  potassa-  or  soda-salts  of  a  vegetable  acid,  as  tartaric  or  acetic 
acid :  the  acid  of  the  salt  is  burned  in  the  blood  in  the  process  of  re- 
spiration, and  a  portion  of  the  base  appears  in  the  urine  in  the  state  of 
carbonate.  The  urine  b  often  alkaline  in  cases  of  retenti<xi,  from  car- 
bonate of  ammonia  produced  by  putrefaction  in  the  bladder  itself;  but 
this  is  easily  distinguished  from  alkalinity  from  fixed  alkali,  in  which 
it  is  Mcreied  in  that  condition. 

The  density  of  the  urine  varies  from  1*005  to  1*030:  about  1*020 
to  1*025  may  be  taken  as  the  average  specific  gravity.  A  high  degree 
of  density  in  urine  may  arise  from  an  unusually  Uurge  proportion  of 
urea :  in  such  a  case,  the  addition  of  nitric  acid  will  occasion  an  almost 
immediate  production  of  crystals  of  nitrate  of  urea,  whereas  with 
aiine  of  the  usual  degree  of  concentration  at  least  very  msny  hours 
will  elapse  before  the  nitrate  b^ns  to  separate.  The  quantity  of 
urine  psosed  depends  much  upon  circumstances,  as  upon  the  activity  of 
the  skin.  It  is  usually  more  deficient  in  quantity  and  of  higher  den- 
sity in  summer  than  in  winter.  Perhaps  about  32  ounces  in  the  24 
hours  may  be  assumed  as  a  mean. 

When  kept  at  a  moderate  temperature,  urine  after  sonoe  days  begins 
to  decompose :  it  exhales  an  offensive  odour,  beoomes  alkaline  from  the 
production  of  carbonate  of  ammonia,  and  turbid  from  the  deposition  of 
earthy  phosphates.  The  carbonate  of  ammonia  is  due  to  the  putrefac- 
tive decomposition  of  the  urea,  which  gradually  disappears,  the 
fermentf  or  active  agent  of  the  change,  being  apparently  the  mucus  of 
the  bladder,  a  portion  of  which  is  always  voided  with  the  urine.  It 
has  been  found  also  that  the  yellow  adhesive  deposit  froib  stale  urine  is 
a  most  powerful  ferment  to  the  fresh  secretion.  In  this  putrefied 
state  urine  is  used  in  several  of  the  arts,  as  in  dyeing  ;  and  forms, 
perhaps,  the  most  valuable  manure  for  land  known  to  exist. 

*  The  degree  of  acidity  appears  to  vary  In  tbe  same  person  at  different  times. 
See  'Fbilosophical  Trans.'  1B49. 


716 


ANIMAL  FLUIDS. 


Potrid  urine  always  ooDtaint  a  considerable  quantity  of  ■ajphye  ef 
anUDoninm :  this  is  formed  by  the  deozidation  of  sulphates  by  tiK 
organic  matter.  The  highly  ofieosive  odour  and  extreme  puBgeaey  of 
the  deoomposing  liquid  may  be  presented  by  preTionsly  mixi^  the 
urine,  as  Liebig  suggests,  with  solphoric  or  hydrochloric  add,  in  wa&- 
oient  quantity  to  saturate  all  the  ammonia  that  can  be  formed. 

The  following  is  an  analysis  of  human  urine  by  BerzeUiu^  IvMO 
parts  oontamed 


Water        .... 

Urea 

Lactates  and  extractive  matter* 
Uric  acid       .... 
Sulphates  of  potassa  and  soda 
Phosphate  of  soda  .        •        • 

„  ammonia 

„  lime  and  magnesia 

Chloride  of  sodium 
Sal-ammoniac         .        • 
SiUca         .... 
Mucus  of  bladder  « 


933-00 
30-10 
1714 
l-OO 
6-87 
2-92 
1-65 
1-00 
4*45 
1-50 
0-03 
0*32 

1000-00 


In  certain  states  of  disorder  and  disease  substances  ^pear  m  Ha 
urine  which  are  never  present  in  the  normal  secretion :  of  tbeae  the 
most  common  is  albumin.  This  is  easily  detected  by  the  additioQ  of 
nitric  acid  in  excess,  which  then  causes  a  white  cloud  or  tarbiditT, 
which  is  permanent  when  boiled,  or  by  corrodTe  sublimate,  the  unit 
being  previously  acidified  by  a  little  acetic  acid ;  boiling  cauKes  QsoaDy 
a  precipitate  which  is  not  dissolved  by  a  drop  or  two  of  acid.     Mere 


*  All  dark-coloured,  unciyBtalliiable  substsnoes.  soluble  both  la  vater  ani 
alcohol,  were  confounded  by  the  old  chemists  under  the  geneTsl  name  of  OEtfroe- 
tive  ftuUter.  The  progress  of  modem  science  constanUj  tends  to  extricate  froa 
this  confused  mass  one  by  one  the  many  definite  organic  prtodplee  therete  coo- 
tained  In  a  more  or  less  modified  fonn,  and  to  restrict  within  narrower  UbbUs 
the  a|q[>Ucatian  of  the  term.  In  the  above  instance  the  colouring  matter  of  ths 
urine,  and  it  may  be  several  other  substances,  are  Involved. 

IVofeasor  Liebig  states  that  all  his  endeavours  to  obtain  direct  evUeooa  sf 
the  existence  of  lactic  add  in  the  urine,  either  in  a  fresh  or  putrid  atafta^  ooo^ 
pletely  flgdled.  Putrid  urine  yielded  a  volatile  acid  in  a  notaUe  quanttty»  irhidb 
tamed  out  to  be  acetic  acid :  a  little  benzoic  acid  was  also  noticed,  and  ficaoel 
to  a  small  amount  of  hlppuric  acid  In  the  recent  urine.  The  acid  reacttao  cf 
urine  is  ascribed  to  an  add  phosphate  of  soda  produced  by  the  partial  rlrmni 
position  of  some  of  the  common  phosphate,  the  reaction  of  whidi  is  «qrrlTr*^ 
by  the  organic  adds  (uric  and  hlppuric)  generated  in  the  gystem,  aided  bj  the 
sulphuric  add  constantly  produced  by  the  oxidation  of  the  protein-oompoonii 
of  the  food,  or  rather  of  the  body. — Lanoett  Jtme,  1844. 

Still  more  recently,  Liebig  has  announced  the  discovery  In  tha  uztea  of 
kreatin  and  kreaUuine,  already  described.    Putrid  urine  '^"**^'?ff  kreatlna  <bI|: 
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tarUdity  by  boiling  is  do  proof  of  mlbamin,  the  earthy  phosphates  being 
often  thrown  down  from  nearly  nentral  urine  under  such  droam- 
ctanoes ;  the  phosphatic  precipitate  is,  however,  instantly  dissolyed  by 
a  drop  of  any  acid. 

In  diabetes  the  mine  contains  grape-sugar,  the  quantity  of  whioh 
coiDmonly  increases  with  the  progress  of  the  disease,  until  it  becomes 
enormous,  the  urine  acquiring  a  density  of  1*040  and  beyond.  It  does 
not  appear  that  the  urea  is  deficient  abaohstely^  although  more  difficult 
to  discover  from  being  miz^  with  such  a  mass  of  syrup.  Very  small 
traces  of  sugar  may  be  disoovend  in  urine  by  Trommei-'s  test,  £ot- 
vaeTlj  mentioned :  a  few  drops  of  soluti<m  of  sulphate  of  coippeT  are 
added  to  the  urine,  and  afterwards  an  excess  of  caustic  potasaa :  if 
sogar  be  present,  a  deep-blue  liquid  results,  which,  on  boiling,  deposits 
red  snboxide  of  copper.  With  proper  management,  this  test  is  very 
▼alnable :  it  will  even  detect  sugar  in  the  blood  of  diabetic  patients.* 
Urine  containing  sugar,  when  mixed  with  a .  little  yeast,  and  put  in  a 
warm  place,  ^readily  undergoes  vinous  fennentatioo,  and  afterwards 
yields,  on  distillation,  weak  alcohol,  contaminated  with  ammonia. 

The  urine  of  children  is  said  sometimes  to  contain  benzoic  acid :  it 
IB  possible  tliat  this  may  be  produced  by  the  decompositioD  of  hippuric 
acid,  whidi  frequently  occurs  in  the  urine  of  healUiy  persons.  When 
benzoic  add  is  taken,  the  urine  after  a  few  hours  yields  on  ooncentnt" 
tSon,  and  the  addition  of  hydrochloric  add,  needles  of  hippuric  add, 
soiled  by  adhering  uric  acid. 

The  depodt  of  buff-coloured  or  pinkish  amorphous  sediment,  which 
so  frequently  oocuts  in  urine  upon  cooling,  after  unusual  ezerdse  or 
allgfat  derangements  of  health,  consists  of  a  variable  mixture  of 
add  urates  uncrystallized :  it  may  be  at  once  distinguished  from  a 
deposit  of  ammonio-magnesian  phosphate  by  its  instant  disappearance 
on  the  application  of  heat.  The  earthy  phosphates,  besides,  are 
hardly  ever  deposited  from  urine  which  has  an  acid  reaction.  The 
colouring  matter  of  the  urine  is  constantly  undergoing  change:  by 
means  of  nentral  and  basic  acetate  of  lead  it  may  be  separated  into 
two  substances  which  contain  different  amounts  of  carbon.  The  sub- 
stance which  contains  most  carbon  may  be  obtained  as  a  dark-blue 
powder:  when  dry  it  has  a  copper  colour  like  indigo,  and  dissolves  in 
alcohol,  giving  a  purple-blue  solution.  It  is  said  to  occur  most  evi- 
dently in  Bright's  disease.  Vlrchow  states  that  he  met  with  this  blue 
pigment  in  crystals  in  unhealthy  urine.  Three  colouring  matters  have 
been  distiuguished  in  urine,  which  have  received  the  names  uroxanthin, 
QPDglaudn,  and  urorhodin :  they  have  not  been  perfectly  examined  on 
account  of  the  difficulty  of  preparing  them.  One  of  them  has  many 
properties  of  indigo. 

•  Dr.  Benoe  Jones,  '  Med  Cblror.  Tnna./  voL  zzvl.  Great  care  must  be 
taken  in  using  this  test,  -whidi  depends  on  the  instantaneous  reduction  of  the 
ozlde  of  copper.  Bj  long  boiling  veiy  many  organic  substances,  Indudlng  uzic 
add,  jvoduce  this  naotkm. 
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The  yellow  principle  of  bile  may  be  obsenred  in  nrine  in  CMet  of 
Jaundice. 

The  urine  of  the  camiTorous  mammifen  is  small  in  qoaaiitT,  ad 
highly  acid :  it  has  a  very  ofieDsive  odour,  and  qoidd y  putrefiea.  ia 
composition  it  resembles  that  of  man,  and  i$  ridi  in  men.  la  blids 
and  serpents  the  nrine  Is  a  white  pasty  substance,  consisting  ahMil 
entirely  of  urate  of  ammonia.  In  herbivorous  animals  it  is  alUae 
and  often  turbid  from  earthy  carbonates  and  phosphates  :  oxea  is  OM 
the  characteristic  ingredient,  while  of  uric  add  there  is  acaseriy  i 
trace ;  hippuric  add  is  usually,  if  not  always,  present,  sometmMi  ts  i 
very  large  extent.  When  the  urine  putrefies,  this  hipporic  acU,  as 
already  noticed,  becomes  changed  to  benzoic  add. 

Urinary  calculi. — Stony  concretions,  differing  mu^  in  phywd 
characters  and  in  chemical  composition,  are  unhappily  bat  too  fre* 
quently  formed  in  the  bladder  itself,  and  give  rise  to  one  of  the  noet 
distressing  complaints  to  which  humanity  is  subjaaL  Althoo^  bhbt 
endeaTours  have  been  made  to  find  some  solvent  or  solvents  far  IhsR 
calculi,  and  thus  supersede  the  necessity  of  a  formidable  anmcal  opsa- 
tion  for  their  remo^,  success  has  been  but  very  partial  and  Itmitiwi- 

Urinary  calculi  are  generally  composed  of  concentric  layers  of  ay»> 
talline  or  amorphous  matter,  of  various  degrees  of  hardneaa.  Tov 
frequently  the  central  pdnt  or  nucleus  is  a  small  foreign  body :  cnrieoi 
illustrations  of  this  will  be  seen  in  any  large  collection.  Qaleoli  are 
not  confined  to  man :  the  lower  animals  are  sulject  to  the  aanoe  i^9ir^ 
tion ;  they  have  been  found  in  horses,  oxen,  sheep,  pigs,  and  alsmt 
constantly  in  rats. 

The  following  is  a  sketch  of  the  prindpal  characters  of  tbe  difloeit 
varieties  of  calculi : — 

1.  Uric  Add, — These  are  among  the  most  common :  exteraalij 
they  are  smooth  or  warty,  of  yellowish  or  brownish  tint :  they  have 
an  imperfectly  crystalline,  distinctly  concentric  structure,  and  are  tole- 
rably hard.  Before  the  blowpipe  the  uric  add  calculus  bams  away, 
leaving  no  ash.  It  is  insoluble  in  water,  but  dissolves  with  facility  ia 
caustic  potassa,  with  but  little  ammoniacal  odour :  the  solution  mind 
with  acid  gives  a  copious  white  curdy  predpitate  of  uric  acid,  wliid 
speedily  becomes  dense  and  crystalline.  Cautiously  heated  with  nitric 
add,  and  then  mixed  with  a  little  ammonia,  it  gives  the  characteristic 
reaction  of  uric  acid,  viz.,  deep  purple-red  murexide. 

2.  Urate  <^  Ammonia. — Calculi  of  urate  of  ammonia  mudi  reaamUe 
the  preceding:  they  are  easily  distinguished,  however.  The  ■powder 
boiled  in  water  dissolves,  and  the  solution  gives  a  predpitate  of  nrk 
add  when  mixed  with  hydrochloric  add.  It  dissolves  alao  in  hot 
bonate  of  potassa  with  copious  evolution  of  ammonia. 

3.  Fusible  Calculus ;  Phosphate  of  Lime  toith  Phoephate  of 
nesia  and  Ammonia, — ^This  is  one  of  the  most  common  kinds.  The 
stones  are  usually  white  or  pale-coloured,  smooth,  earthy,  and  aolt : 
they  often  attain  a  large  size.     Before  the  blowpipe  this  anbetanoe 
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l>]ackais  from  animal  matter  which  all  calcali  always  contain :  then 
becomes  white,  and  melts  to  a  head  with  comparatiTe  ftcilitj.  It  is 
inaolahle  in  caustic  alkali,  but  readily  soluble  i&  dilute  acids,  and  the 
solation  is  precipitated  by  ammonia.  Calculi  of  unmixed  phosphate 
of  lime  are  rare,  as  also  those  of  phosphate  of  magnesia  and  ammo- 
nia :  the  latter  salt  is  sometimes  seen  forming  small  brilliant  crystals 
in  oavities  in  the  fusible  calculus. 

4.  Oxaiiate  of  Lime  Cakuhu ;  Mvlberry  Calculus, — The  latter  name 
is  derived  from  the  rough,  warty  character,  and  dark  blood-stained 
aspect  of  this  yariety :  it  is  perhaps  the  worst  form  of  calculus.  It 
is  exceedingly  hard :  the  layers  are  thick  and  imperfectly  crystalline. 
Sefore  the  blowpipe  the  oxidate  of  lime  bums  to  a  carbonate  by  a  mo- 
derate red  heat,  and  when  the  flame  is  strongly  urged,  to  quicklime. 
It  is  soluble  in  moderately-strong  hydrochloric  acid  by  heat,  and  very 
easily  in  nitric  acid.  When  finely  powdered  and  long  boiled  in  a  solu- 
tion of  carbonate  of  potassa,  oxalate  of  potassa  may  be  discovered  in 
the  filtered  liquor  when  carefully  neutralized  by  nitric  acid,  by  white 
precipitates  with  solutions  of  lime,  lead,  and  silver.  A  sediment  of 
ooaiate  of  lime  in  very  minute,  transparent,  octahedral  crystals,  only 
to  be  seen  by  the  microscope,  is  of  common  occurrence  in  urine,  in 
-which  a  toidency  to  deposits  of  urates  exists. 

5.  Ctfatio  and  Xanthic  Oxides  have  already  been  described:  they 
are  very  rare,  especially  the  latter.  Calculi  of  cystic  oxide  are  very 
cryatalline,  and  often  present  a  waxy  appearance  externally:  sedi- 
ments of  cystic  oxide  are  sometimes  met  with.  As  before  mentioned, 
tais  substance  is  a  definite  crystallizable  organic  principle,  containing 
sulf^ur  to  a  large  amount :  it  is  soluble  both  in  acids  and  alkalis. 
When  the  solution  in  nitric  acid  is  evaporated  to  dryness,  it  blackens : 
when  dissolved  in  a  Urge  quantity  of  caustic  potassa,  a  drop  of  solu- 
tion of  acetate  of  lead  added,  and  the  whole  boiled,  a  black  precipi- 
tate containing  sulphide  of  lead  makes  its  appearance.  By  these 
characters  cystic  oxide  is  easily  recognized. 

Xanthic  oxide,  also  a  definite  organic  principle,  is  distinguished  by 
the  peculiar  deep-yellow  colour  produced  when  its  solution  in  nitric 
acid  is  evaporated  to  di-yness :  it  is  soluble  in  alkalis,  and  in  boiling, 
strong  hydrochloric  acid. 

Very  many  calculi  are  of  a  composite  nature,  the  composition  of  the 
difllerent  layers  being  occasionally  changed,  or  alternating :  thus,  mixed 
urates  and  oxalate  of  lime  are  not  unfi'equently  associated  in  the  same 
stone. 

Sweat. — The  watery  fluid  poured  out  by  the  skin  contains  from 
^  to  2  per  cent  of  solid  matter :  the  acidity  of  the  secretion  depends 
on  organic  acids  chiefly  formic :  acetic  and  butyric  acids  also  exist  in 
it.  Lactic  acid  has  been  stated  to  be  absent  even  in  rheumatism :  a 
new  acid  named  sudcfrio  octd^  and  somewhat  resembling  in  oompoaition 
uric  acid,  is  said  to  be  always  present,  CjoHgNOu^O.  In  disease,  and 
in  health,  small  quantities  of  urea  also  exist  in  sweat.     The  salts  in 
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the  sweat  are  chlorides  of  sodiam  and  potassium.     Plionilioric  aaS 
lime,  magnesia,  and  oiide  of  iron  have  been  foand. 

Sauva  is  a  mixtare  of  several  fluids  secreted  by  diffeimt  gb&diflt 
the  mouth.  Its  specific  gravity  is  from  1'002  to  1-009.  It  is  mallT 
alkaline :  during  and  after  eating  the  alkaline  reaction  iocrcases,  vidk 
it  decreases  by  fasting.  It  contains  an  albuminoos  aofaettanoe,  phfJm, 
which  acts  on  starch,  rapidly  changing  it  into  sugar.  The  aeervtka  s^ 
the  submaxillary  gland  with  the  mucus  of  the  month  cfaicfly  prodom 
this  efiect.  On  the  passage  of  the  food  into  the  acid  gastric  jnioe^  tin 
convefsion  of  starch  into  sugar  ceases.  The  second  RmaztaUe  sab- 
stance  in  saliva  is  sulphocyanide  of  potassium,  which  o-^s^^*  in  ren 
small  quantities,  but  is  very  easily  detected.  The  solid  oomstitiKato  i 
the  saliva  are  about  I  per  cent.,  and  in  100  parts  of  solid  oniEtitaeai 
from  7  to  21  parts  are  fixed  salts,  chiefly  chlorides,  with  phooihale 
and  carbonate  of  lime.  ^^^^ 

Gastric  juice  is  a  clear,  colourless,  transparent  Uuid,  the  sp.  vr. 
1*002,  containing  1  to  2  per  cent,  of  solid  oonstitaenta,  chieflr  chloride 
of  sodium  and  kctete  of  soda.  It  has  an  add  reaction  oantaiBW 
hydrochloric,  lactic,  butyric,  propionic,  and  acetic  add.  It  Is  stiriitlv, 
or  not  at  all,  ooagulable  by  boiling,  though  it  ooatains  two  albamami 
substances,  one  insoluble  in  water  and  absolute  alcohol,  tlie  <»»mti«— » 
of  older  authors ;  the  other  soluble  in  water,  but  pi-edpitated  bv  alco- 
hol, tannin,  chloride  of  mercury,  and  l«id  salt.  This  is  pepda,  by 
some  called  chymosin,  or,  better,  gasterase.  In  the  gastric  juioe  rf 
man  it  exists  to  the  amount  of  0'819  percent  When  the  gastric  jni» 
has  the  greatest  solvent  power,  100  parts  of  fluid  are  satnnted  by  1-25 
parts  potassa.  The  gastric  juice  dissolves  the  albumiDoas  aabstncei 
taken  as  food,  and  slightly  changes  their  reactions.  Thus,  albmnn, 
fibrin,  casein,  legumin,  gluten,  and  chcndrin  give  rise  to  w  many  dif- 
ferent peptones.     (See  aJbuminose,  p.  707.) 

Bile. — This  is  a  secretion  of  a  very  difierent  ^h^niTrtpr  from  tie 
preceding:  the  largest  internal  organ  of  the  body,  the  liver,  is  devatsd 
to  its  preparation,  which  takes  place  fh>m  venous,  instead  of  arterial 
blood.  The  composition  of  the  bile  has  been  made  the  subject  of  modi 
investigation  :  the  following  is  a  summary  of  the  most  important  ftds 
which  have  been  brought  to  light. 

In  its  ordinary  state  bile  is  a  very  deep-yellow,  or  greenish,  Tisc»l, 
transparent  liquid,  which  darkens  by  exposure  to  the  air,  and  nnder^ 
goes  changes  which  have  been  yet  imperfectly  studied.  It  has  a  dis- 
agreeable odour,  a  most  nauseous,  bitter  taste,  a^  distiDcUy-cdkaiae 
reaction,  and  is  misdble  with  water  in  all  proportions.  When  evapo- 
lated  to  dryness  at  212°  (100*^),  and  treated  with  alcohol,  the  givat^ 
part  dissolves,  leaving  behind  an  insoluble  jdly  of  mucoa  of  the  gall- 
bladder. This  alcoholic  solution  oontains  colouring-matter  and  dio- 
lesterin :  from  the  former  it  may  be  fned  by  digestion  with  animal 
oharooal,  and  from  the  latter  by  a  large  admixture  of  ether,  in  which 
the  bile  is  insoluble,  and  separates  as  a  thick,  syrupy,  and  imdv 
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eoIourleBs  liquid.  The  colooring-nuitter  may  also  be  precipitated  by 
baryta-water. 

Pure  bile  thus  obtained,  when  evaporated  to  dr3nieas  by  a  gentle 
heat,  forms  a  slightly-yellowish  brittle  mass,  resembling  gum-arabic. 
It  is  completely  soluble  in  water  and  absolute  alcohol.  The  solution 
is  not  affected  by  the  vegetable  acids ;  hydrochloric  and  sulphuric  acids, 
on  ^e  contrary,  give  rise  to  turbidity,  either  immediately  or  after  a 
short  internJ.  Acetate  of  lead  partially  precipitates  it :  the  tribasic 
acetate  precipitates  it  completely :  the  precipitate  is  readily  soluble 
in  acetic  acid,  in  alcohol,  and  to  a  certain  extent  in  excess  of  acetate 
of  lead.  When  carbonized  by  heat,  and  incinerated,  bile  leaves  be- 
tveeu  11  and  12  per  cent,  of  ash,  consisting  chiefly  of  airbonate  of 
soda^  with  a  little  common  salt  and  alkaline  phosphate.  The  beau- 
tiful researches  of  Strecker  show  that  bile  is  essentially  a  mixture 
of  the  soda-salts  of  two  peculiar  conjugate  acids,  very  distinctly  re- 
sembling the  resinous  and  fatty  acids.  One  of  these  contains  nitrogen, 
but  no  sulphur,  and  is  termed  cholio  acid^  or  better,  glyocMiholalic^ 
being  a  conjugated  compound  of  a  non-mtrogenous  acid,  chohlio  acid* 
'With  the  nitrc^enetted  substance  glycocine  (see  page  625)  ;  the  other, 
containing  nitrogen  and  sulphur,  has  received  the  name  choleic  acidy 
or  better,  tmtro^holalic  acid,  being  a  conjugated  compound  of  the 
same  c^laUo  acid  with  a  body  to  be  presently  described  under  the 
name  of  tamrin,  containiug  both  nitrogen  and  sulphur.  The  relative 
proportion  in  which  these  acids  occur  in  bile,  remains  pretty  constant 
with  the  sune  animal,  but  varies  considerably  with  different  classes  of 
animals. 

Glyoo-oholalic  acid  may  be  thus  obtained: — When  ox  bile  is 
perfectly  dried  and  extracted  with  cold  absolute  alcohol,  and  aft^r 
filtration  is  mixed  with  ether,  it  first  deposits  a  brownish  tough  resi- 
nous mass,  and  afler  isome  time,  stellated  crystals  which  consist  of 
glyoo-cholalate  of  soda  and  potassa.  These  mixed  crystals  were  first 
obtained  by  Plattner,  and  they  compose  his  so-called  crystallized  bile. 

Glyoo-cholalic  acid  may  be  obtained  by  decomposing  the  gljco-cho- 
lalate  of  soda  by  sulphuric  add:  it  crystallizes  in  fine  white  needlt^s 
of  a  bitterish-sweet  taste,  is  soluble  in  water  and  alcohol,  but  only 
slightly  in  ether,  and  has  a  strong  acid  reaction.  It  is  represented  by 
tlie  formula  C32H^,NOn,HO.  When  boiled  with  a  solution  of  potassa, 
the  acid  divides  into  cholalic  acid  Oifiifi^'^O,  and  glycocine  or  gela- 
tin sugar : — 

CrtH«NO,„HO  -f-  2H0  =  C^gHj^O^HO  -*-  CANO^. 

Glyco-cholalic  acid.  CholHlic  acid,        Glycocine. 

Boiled  with  concentrated  sulphuric  or  hyHrochloric  adds,  it  yields 
likewise  glycocine,  but  instead  of  cholalic  acid,  another  white  amor- 
phous   add,   choloidirUc  acid  (C^aH^O,  =  cholalic  add — 2   eq.   of 

*  Also  called  eholic  ocul  by  some  authors. 

3a 


722  AKIMAL  FL17ID0. 

water),  or,  if  ihe  ebullition  has  continued  for  Home  time,  a 
substance,  from  its  insolubility  in  water  called  dyslysin^  (fiU^afi*^ 
cholalic  acid — 4  eq.  of  water). 

Taobo-Gholalic  acid  is  thus  procured  : — Qz  bile  is  freed  M&ras 
possible  from  glyco-cholalic  add  by  means  of  neutral  acetate  of  kad, 
and  it  is  then  predpitated  by  basic  acetate  of  lead,  to  which  a  little 
ammonia  is  added.  The  precipitate  is  decomposed  by  carbcaiate  of 
soda,  when  tolerably  pure  tauro-cholalate  of  soda  is  obtained.  By 
deoomposinff  the  tauro-cholalate  of  lead  by  sulphuretted  hydngeo, 
tauro-cholaBc  acid  is  liberated.  This  substance,  however,  which  wis 
preriously  called  choleic  add  and  &t7tn,  has  never  been  obtained  in  the 
pure  state.  Its  formula,  as  inferred  from  the  study  of  its  products  of 
decomposition,  appears  to  be  C„H44NS,0],,HO.  When  boiled  with 
alkaUs  it  divides  into  cholalic  add  and  taurin : — 

C«H44^S,Oit»HQ  +  2H0  =  C^gH^OyHO  +  Cfi^SSfi^ 
Tauro-cholalic  acid.  Cholalic  add,  Tauiin. 

With  boiling  adds  it  gives  likewise  taurin,  but  inatead  of  cfaolalie 
add,  either  choloidinic  add  or  dyslysin,  aocoiding  to  the  dnntion  of 
the  ebullition. 

Taurin,  C^H^NS^Oe,  crystallizes  in  colourless  regular  lieiagogil 
prisms,  which  have  no  odour  and  very  little  taste.     It  is  nential  t» 
test-paper,  and  permanent  in  the  air.     When  burnt,  it  gives  rae  ts 
much  sulphurous  acid.    It  contains  upwards  of  25  per  cent,  of  sd- 
phur.     It  is  easily  prepared  by  boiling  purified  bile  for  aome  boon 
with  hydrochloric  add.     After  filtration  and  evaporation,   the  acid 
residue  is  treated  with  five  or  six  times  its  bulk  of  boiling  ^U^t^^ 
from  which  the  taurin  separates  cm  cooling.    Strecker  made  mmT 
attempts  to  prepare   taurin  artificially.      Ultimately  he  found  tbit 
when  isethionate  of  ammonia  (see  pa^e  471),  which  iiises  at  26^ 
(130^0),  is  heated  to  410°  (210''Cj  or  428''  (220^),  it  loses  two  equi- 
valents of  water,  and  becomes  taurin.      The  substance  is  dissolTnl 
in  water,  and  on  the  addition  of  alcohol,  gives  crystals  having  all  tiie 
properties  of  taurin.     Kolbe  has  recently  observed  the  fonnatioa  of 
taurin  under  very  interesting  circumstances.     The  treatment  of  ise- 
thionate of  potassa  with  pentachloride  of  phosphorus  gives  rise  to  a 
heavy  oily  liquid,  with  simultaneous  formation  of  hydrochloric  add 
and  ozychloride  of  phosphorus.    This  oily  liquid,  the  so-odled  chlori«fe  of 
chiorethylsulphuric  acid,  CfH^ClS^OfCl,  when  mixed  with  water  yiddi 
the  corresponding  add,  CfH^ClS^O^,  chlorethylsulphuric  acid,  which  on 
digestion  with  an  excess  of  ammonia  at  212°  (lOCnC),  produces  tanhnc, 
C4H,C1S,0,+2NH,=  NH;C1+C«H,NSjO^ 

CuoLALio  or  ouoLic  ACID,  O48H,,O0,HO,  crystallixes  in  tetxa- 
hedra.  It  is  soluble  in  sulphuric  acid,  and  on  the  addition  of  a  dix^  of 
Ibis  add  and  a  solution  of  sugar  (I  part  of  sugar  to  4  parts  of  water). 
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a  pniple-violet  colour  is  produoed»  which  constitates  Pettenkofer's  test 
for  bile.  At  383^  (195°C)  it  lose.«  an  atom  of  water,  and  is  converted 
into  choloidinic  add ;  which  dbange,  as  has  been  pointed  oat,  is  also 
prodnced  by  ebollition  with  acids. 

C!holalic  acid  is  beet  obtained  by  boiling  the  resinous  mass  precipi- 
tated bj  ether  from  the  alcoholic  solution  of  the  bile  with  a  dilute 
solution  of  potassa  for  24  or  3G  hours,  till  the  amorphous  potassa-salt 
that  has  separated  begins  to  crystallize.  When  the  dark-coloured  soft 
maas  is  removed  from  the  alkaline  liquid,  dissolved  in  water,  and 
hydrochloric  acid  added,  a  little  ether  causes  the  deposition  of  the 
cholalic  acid  in  crystals. 

The  principal  colouring  matter  of  the  bile  has  been  called  chole- 
pyrrhin.  When  dry  it  is  reddish-brown  and  uncrystallizable,  insoluble 
in  water,  more  soluble  in  alcohol  which  becomes  yellow,  and  most 
flolnhle  in  caustic  alkali.  On  the  addition  of  nitric  acid  to  the  yellow 
alkaline  solution  a  change  ensues.  It  passes  through  green,  blue,  violet, 
and  red:  after  some  time  it  again  turns  yellow,  probably  in  conse- 
quence of  a  gradual  process  of  oxidation. 

Another  colouring  matter  has  been  called  biliverdm.  It  is  dark 
green,  amorphous  without  taste  or  smell,  insoluble  in  water,  slightly 
soluble  in  alcohol,  but  soluble  in  ether.  Berzelius  considers  it  to  be 
identical  with  the  chlorophyll,  or  green  colouring  matter  of  leaves. 

According  to  the  researches  of  Strecker  and  Gundelach,  pigs'  bile 
differs  from  the  bile  of  other  animals.  This  bile  contains  an  acid,  to 
which  the  name  hyockoOc  acid  has  been  given,  which  may  be  pre- 
pared in  the  following  manner: — fresh  pigs*  bile  is  mixed  with  a 
solution  of  sulphate  of  soda,  the  precipitate  nbtained  is  dissolved  in 
absolute  alcohol,  and  decolourized  by  animal  charcoal.  From  this  so- 
lution ether  throws  down  a  sodansalt,  yielding  on  addition  of  sulphuric 
acid,  hyocholic  acid  as  a  resinous  mass,  which  is  dissolved  in  sdcohol 
and  repredpitated  by  water. 

Hyocholic  add  contains  C^H^sNOio.  When  heated  with  solutions 
of  the  alkalis,  the  add  undergoes  a  decomposition  perfectly  analogous 
to  that  of  glyco-cholalic  add,  hyocholic  acid  splitting  into  glyoodne 
and  a  crystalline  add,  very  soluble  in  alcohol,  less  so  in  ether,  which  has 
been  termed  hyocholalic  acid.  This  substance  contains  C^,,0„HO ; 
and  the  change  is  represented  by  the  following  equation  : — 

CsjH^^^O^-H  2H0  =  CwHgO^  +  CJI5NO4. 
Hyocholic  add.  Hyocholalic  add.      Glycocine. 

* 

Hence  hyocholic  acid  might  be  called  glyco-hyocfuAalic  acid.  When 
boiled  with  acids,  glyoo-hyocholalic  add  yields  likewise  glycodne,  but 
instead  of  hyocholalic  add,  a  substance  representing  the  dyslysin  of  the 
ordinary  bile,  which  might  be  termed  hyodyslysin.  The  composition 
of  hyodyslysin  is  Cg^^Og  =  hyocholalic  acid — 2  eq.  HO. 

Pigs*  bUe  contains  a  very  trifling  quantity  of  sulphur,  probably  in 
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the  form  of  a  snlpharetted  acid  corresponding  to  the  tanro-dkftkfic 
add  of  ox  bile.  Strecker  believes  this  acid  to  contain  C^H^^NS^,,: 
it  mi^ht  be  called  tawo-?i^ocholalic  acid,  which,  when  boiled  widi  an 
alkali,  wonld  yield  taarin  and  hjocholalic  add.  The  sulphuretted  aod 
must  be  present  in  pigs'  bile  in  very  minute  quantity  ;  it  is  even  1«b 
known  than  tauro-cholalic  acid. 

The  once  celebrated  oriental  bezoar  atones  are  biliary  calooU,  wd  to 
be  procured  from  a  species  of  antelope :  they  have  a  brown  tint«  a  eoA- 
centinc  stracture,  and  a  waxy  appearance,  and  consist  essentially  of  s 
peculiar  and  definite  crystaUizable  principle  called  lithafeiiinic  oeii. 
To  procore  this  substance,  the  calculi  are  reduced  to*powder  and  ei- 
hausted  with  boiling  alcohol ;  the  dark  solution  is  deoolourued  hf 
animal  diarcoal,  and  lefl  to  evaporate  by  gentle  heat,  whereupon  tb* 
lithofellinic  acid  is  deposited  in  small,  colourless,  transparent  six-cidel 
prisms.  It  is  insoluble  in  water,  and  with  difBculty  soluble  in  ethtf, 
but  dissolves  with  ease  in  alcohol :  it  melts  at  202^  (94°*  5C\  and  at  a 
higher  temperature  burns  with  a  smoky  fiame,  leaving  but  little  char- 
coal. Lithofellinic  acid  dissolves  without  decomposition  in  concen- 
trated acetic  acid  and  in  oil  of  vitriol :  it  forms  a  soluble  salt  with 
potassa,  and  dissolves  also  in  ammonia,  but  crystallizes  out  unchained 
on  evaporation.  By  analysis,  lithofellinic  add  is  found  to  consist  el 
C4oHa50r,HO. 

The  liver  not  only  forms  bile  which  is  excreted,  but  it  also  ei^cts  a 
remarkable  change  in  the  blood  that  passes  through  it,  M.  Bemud 
discovered  that  after  death  sugar  could  be  detected  in  the  blood  finon 
the  hepatic  vdn,  whilst  no  sugar  was  detectable  in  blood  from  tfat 
portal  vein.  In  the  progress  of  his  researches  into  the  origin  of  Udi 
sugar,  he  found  that  a  glycogenic  substance  was  formed  in  the  sob- 
stance  of  the  liver  itself,  and  this  he  succeeded  in  extracting  and  iso- 
lating (see  page  434). 

The  fresh  warm  liver  of  a  healthy  animal  is  cot  into  small  pieoB 
and  boiled ;  tlie  ferment  is  thereby  coagulated  before  the  glyeogenic 
substance  has  time  to  be  changed  into  sugar.  The  coagulated  masEei 
of  liver  are  then  rubbed  in  a  mortar  and  boiled  with  water  for  thne 
quarters  of  an  hour,  strained,  filtered,  and  predpitated  either  with 
gladal  acetic  add  or  with  alcohol.  The  predpitate  is  the  impore 
glycogenic  substance.  To  purify  it  Bernard  treate  it  with  causttic 
potassa,  dissolves  it  in  water,  predpitates  it  with  alcohol,  again  di»> 
solves  it  in  water,  neutralizes  any  potassa  that  remains  by  acetic  acid, 
and  reprecipitetes  with  alcohol. 

The  substance  thus  obtained  oflerB  the  most  perfect  analogy  with 
hydrated  sterch.  It  is  neutral,  without  smell  or  taste,  becomes  violet 
with  iodine,  evolves  no  ammonia  when  heated  with  soda,  does  not 
reduce  solution  of  oxide  of  copper,  and  does  not  ferment  with  yeast 
When  treated  with  substances  which  change  starch  into  sugar,  the  gly- 
cc^enic  matter  passes  through  a  stete  oon'e^nding  to  dextrin  into 
sugar.      Pelottze  has  analyzed  this  substance  and  gives  the  fonnuk 
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^m^wOm  for  the  substanoe  dried  at  212°  (lOO^'C),  ihowing  that  it  has 
the  same  composition  as  starch,  by  treating  it  with  concentrated 
nitric  acid  he  obtained,  xyhidin^  with  weaker  add,  oxalic  add. 

The  glycogenic  substance,  or  animal  starch,  has  as  yet  been  fbnod  by 
Bernard  only  in  the  liver,  no  other  organ  oootaining  a  trace  of  it.  The 
lirers  of  d«^  fed  on  animal  food  alone  yield  it  also.  He  admits  that  in 
Fe^table  feeders  soluble  dextrin  may  pass  into  the  liver  from  the  food, 
but  the  constant  internal  production  of  glycogenic  substance  he  considers 
to  be  altogether  independent  of  this  accidental  external  source. 

Pai«cb£atic  fluid  has  a  spedfic  gravity  about  1*008  to  1*009, 
oontaining  from  9  to  1 1  per  cent,  of  solid  constituents,  and  about  I  per 
cent,  of  ash,  diiefly  chlorides  and  phosphates. 

It  contains  albuminous  substance  resembling  ptyalin,  but  no  suU 
phocyanide.  Starch  is  converted  into  sugar  more  energetically  by  the 
pancreatic  fluid  than  by  the  saliva.  It  is  doubtful  whether  it  decom- 
pooes  &t  into  glycerin  and  fatty  add.  It  has  no  action  on  the  albu« 
minoua  part  of  food. 

iMTESTiHAL  JUICE,  a  colourless,  alkaline  fluid,  oontaining  from  3 
to  4  per  cent,  of  solid  constituents,  it  very  rapidly  converts  starch  into 
augar,  and  also  is  thought  to  be  capable  of  dissolving  albuminous  sub- 
stances. 

Chyle. — The  fluid  of  the  lacteal  vessels.  This  is  a  very  variable 
fluid,  milky  and  feebly  alkaline.  It  b^ns  to  coagulate  when  taken 
from  the  vessels,  in  9  to  12  minutes,  and  is  perfectly  coagulated  in  2  to 
4  hours.  The  coagulum  is  much  smaller  and  weaker  than  that  of  the 
blood.  That  of  the  horse,  from  a  yellowish  colour  changes  in  the  air 
to  light  red. 

The  albuminous,  saline  serum  contains  very  finely-divided  molecules, 
which  consist  of  the  minutest  particles  of  fatty  matter,  laiger  chyle 
globules,  and  colourless  blood  globules.  Thus  the  chyle  approximates 
in  composition  and  properties  to  the  blood. 

In  the  chyle  of  the  hoitte  there  was  found :  — 

Water        .        .         .         .         91*00  to    96  * 00  per  cent. 

Fixed  constituents   .         .        .       9*00  4*00  „ 
Kucld  and  cells  .         .         .                Variable. 

Fibrin 0-19  07  „ 

Albumin     ....          1*93  4*34  „ 

Fat 1-89  0*53  „ 

Extractive  matter  free  from  salts     7  *  27  8 '  34  „ 

Soluble  salts        .         .         .           7*49  6*78  „ 
Insoluble        .        .         .     about  2*00 

Lymph  is  the  name  given  to  the  fluid  in  the  lymphatic  vessels.  It 
is  colourless,  has  an  alkidine  reaction,  and  coagulates  in  Trom  4  to  20 
minutes.  It  dosely  resembles  the  blood  without  the  blood  globules.  It 
omtaiDS  colourless  globules,  resembling  the  white  globules  of  the  blood. 
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It  contains  mndi  less  albumin  and  fat  than  the  aenim  of  ffae  Uood, 
but  more  water,  and  proportionatelj  more  eztractire  matter. 

Closely  resembling  this  fluid  is  that  poured  out  hj  seroos  noii- 
braiMB  and  the  cellular  tissue.  It  has  been  called  euiidation  fluid, 
and  may  be  divided  into  fibrinous  and  non-fibrinous.  It  may  be  ood- 
sidered  as  the  serum  of  the  blood  with  or  without  fibrin,  widcti  b  ftr 
more  commonly  present  than  has  been  suppoeed. 

Muons  AKD  PUB. — The  slimy  matter  efifused  upon  the  anrftfle  ef 
various  mucous  membranes,  as  the  lining  of  the  alimentaiy  canal,  that 
of  the  bladder,  of  the  nose,  lungs,  &c.,  to  which  the  general  nanie 
rmicus  is  given,  is  so  small  in  quantity,  and  so  variable  in  ooneeqiMBee 
of  any  irritation  of  the  membranes,  that  it  is  diBScult  to  chancteine- 
It  always  contains  more  or  less  epithelium  and  muooua  oella.  It  pro- 
bably contains  a  peculiar  nitn^nous  principle  to  wfai<^  the  mme 
muam  has  been  given.  It  is  insoluble  in  water;  very  soluble  b 
dilute  alkalis,  and  precipitable  fi-om  sudi  solutions  bj  acetic  add. 
Scherer  gives  carbon  52*41,  hydrogen  6*97,  nitrogen  12*82,  osygOD 
27*80.  It  contains  no  sulphift*.  Sfucus  often  contains  more  or  km 
albumin,  and  always  extractive  matters  and  salts :  among  these  the 
dilorides  are  in  excess. 

Pu8f  the  natural  secretion  of  a  wounded  or  otherwise  injured  sor- 
face,  is  commonly  a  creamy,  white,  or  yellowish  liquid,  whidi,  imder 
the  microscope,  appears  to  consist  of  multitudes  of  minute  gkbuki 
floating  in  a  serum.    It  is  neither  acid  nor  alkaline. 

The  pus  globules  are  distended  by  very  dilute  mineral  and  oigaak 
acids :  imp^fectly  dissolved  by  alkalis,  leaving  the  membrane  of  the 
cells  adhering  in  a  gelatinous  mass.  This  cell  membrane  ia  an  albn- 
minoos  substance,  soluble  in  very  dilute  acid.  The  pus  serum  otHitw* 
more  or  lees  albumin,  in  all  i^espects  identical  with  that  of  the  bhwd. 
Gtlterbock,  by  coagulating  pus  by  alcohol,  and  extracting  the  residB^ 
obtained  a  substance  which  is  diaracterized  by  its  predpiiation,  lif 
acetic  acid,  and  by  a  solution  of  alum.  He  called  it  pyiiu  It  is  n 
albuminous  substance,  and  has  not  been  found  to  be  always  presents 

The  quantity  of  fatty  substance  is  remarkable  in  pus,  varying  firoB 
2  to  6  per  cent.  As  much  as  1  per  cent,  of  cholesterin  has  been  fiaeid 
to  be  present;  but  neither  by  this  nor  by  any  other  character  can  ik& 
passage  of  mucus  into  pus  be  determined. 

Milk. — The  peculiai'  special  secretion  destined  for  the  nourishmeii 
of  the  young  is,  so  far  as  is  known,  very  much  the  same  in  fieeh-eatng 
animals  and  in  those  which  live  exclusively  on  vegetable  food.  The 
proportions  of  the  constituents  may,  however,  sometimes  diflier  to  a 
considerable  extent.  The  specific  gravity  varies  fVom  1  *018  to  1  -  045l 
It  will  be  seen  hereafter  that  the  substances  present  in  milk  are  wonder- 
fully adapted  to  the  office  of  providing  materials  for  the  rapid  growtli 
and  development  of  the  animal  frame.  It  oontuns  an  asotized  natter, 
casein,  nearly  identical  in  composition  with  muscular  flesh,  fitttj  prin- 
ciples,  and  a  peculiar  sugar,  and  lastly,  various  salts,,  among  wUdi 
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mar  be  menfloned  phosphate  of  lime,  held  in  complete  solation  in  a 
slightly-alkaline  liquid.  This  last  is  especially  important  to  a  procea 
then  in  activity,  the  formation  of  bone. 

The  white,  and  almost  opaque,  appearance  of  milk  is  an  optical 
iilnsion :  eiaminsd  by  a  microscope  of  even  moderate  power,  it  is  seen 
to  consist  of  a  per^tly-transparent  fluid,  in  which  float  about  num- 
bers of  transparent  globules :  these  consist  of  fat,  surrounded  by  an 
albuminous  envelope,  which  can  be  brokoi  mechanically  as  in  the 
chnrning,  or  dissolved  by  the  chemical  action  of  caustic  potassa,  after 
which,  on  agitating  the  milk  with  ether,  the  fat  can  be  dissolved. 

When  milk  is  suiTered  to  remain  at  rest  some  hours  at  the  ordinary 
temponture  of  the  air,  a  large  proportion  of  the  fat-^lobulen  collect  at 
the  surface  into  a  layer  of  cretim :  if  this  be  now  removed  and  exposed 
fer  some  time  to  strong  agitation,  the  fat-globules  coalesce  into  a  mass, 
and  the  remaining  watery  liquid  is  expelled  from  between  them  and 
separated.  The  butter  so  produced  roust  be  thoroughly  washed  with 
cold  water,  to  remove,  as  fiir  as  possible,  the  last  traces  of  casein,  which 
readily  pntrefies,  and  would  in  that  case  spoil  the  whole.  A  little  salt 
is  usually  added. 

Ordinary  butter  still,  however,  contains  some  butter-milk,  and  when 
intended  for  keeping  should  be  clarijied,  as  it  is  termed,  by  fusion. 
The  watery  part  then  subsides,  and  carries  with  it  the  residue  of  the 
aaotised  matter.  The  flavour  is  unfortunstely  somewhat  impaired  by 
this  process.  The  consistence  of  butter,  in  other  words,  the  proportions 
of  margarin  and  olein,  is  dependent  upon  the  season,  or  more  probably 
upon  the  kind  of  food :  in  summer  the  oily  portion  is  always  more 
considerable  than  in  winter.  The  volatile  odoriferous  principle  of 
butter,  butyrnif  has  been  already  referred  to. 

The  casein  of  milk,  in  the  state  of  cheese,  is  in  many  countries  an 
important  article  of  food.  The  milk  is  usually  heated  to  about  1 20° 
(49°C),  and  coagulated  by  rennet^  or  an  infusion  of  the  stomach  of  the 
calf  in  water:  the  curd  is  carefully  separated  by  a  sieve  from  the 
whey,  mixed  with  a  due  proportion  of  salt,  and  sometimes  some 
colouring-matter,  and  then  subjectf>d  to  strong  and  mcreasing  pressure. 
The  fresh  cheese  so  prepared,  being  constantly  kept  cool  and  dry, 
undergoes  a  particular  kind  of  putrefactive  fermentation,  very  little 
understood,  by  which  principles  are  generated  which  communicate  a 
particular  taste  and  odour.  The  goodness  of  cheese,  as  well  as  much 
ofthe  diflerence  of  flavour  perceptible  in  different  samples,  depends  in 
great  measure  upon  the  manipulation :  the  best  kinds  contain  a  con- 
siderable quantity  of  &t,  and  are  made  with  new  milk:  the  inferior 
descriptions  are  made  with  skimmed  milk. 

Some  of  the  Tartar  tribes  prepare  a  kind  of  spirit  from  milk  by 
Buflering  it  to  ferment,  with  frequent  agitation.  The  casein  converte 
a  part  of  tiie  milk-sugar  into  lactic  acid,  and  another  part  into  grape- 
sugar,  which  in  turn  becomes  converted  into  alcohol.  Mare's  milk  is 
said  to  auswer  better  fi>r  this  purpose  than  that  of  the  cow* 
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In  a  fresh  state,  and  taken  from  a  healthj  animal,  milk  »  ahr^s 
feebly  alkaline.  When  left  to  itself,  it  very  soon  beoomes  acid,  mA 
is  then  found  to  contain  lactic  acid,  which  cannot  be  discovered  ta  the 
fresh  condition.  The  alkalinity  is  doe  to  the  soda  which  holds  the 
casein  in  solution.  In  this  soluble  form  casein  possesses  the  power  sf 
taking  np  and  retaining  a  very  oonsidoable  quantity  of  phospliate 
of  lime.  The  density  of  milk  yaries  exceedingly :  its  quality  issoaUr 
bears  an  inverse  ratio  to  its  quantity.  From  an  analysis  of  oow-milk 
in  the  fresh  state  by  M.  Haidlen,*  the  following  statement  of  its 
position  in  1000  parts  has  been  deduced : — 


WaUr           .... 

873-00 

Butter      .... 

.      30-00 

Casein           .... 

48-20 

Milk-sugar 

.      43-90 

Phosphate  of  lime  . 

2-31 

„            magnesia 

0-42 

„           iron    .         . 

0-07 

Chloride  of  potassium 

1-44 

„         sodium 

0-24 

Soda  in  combination  with  casein 

0-42 

1000-00 

Human  milk  is  remarkable  for  the  difficulty  with  which  it  co^;- 
lates :  it  generally  contains  a  larger  proportion  of  sugar  than  oow-milk. 
Jl>at  scai-ody  difiers  in  other  respects. 


•  ( 
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ON  THE  ANIMAL  TEXTUREa 


NEBVOnS  8UB8TANCE;   CONTRACTILE  SUBffTAKCE;   XLASTIC 

TISSUE;  SKIN. 


Nekyous  SUBSTANCE. — ^The  bniin  and  nervee  contidn  from  7  to 
9  per  cent,  of  an  albuminous  substance,  also  seTei'al  remarkable  fatty- 
principles,  constituting  from  5  to  14  per  oent.,  capable  of  being  ex- 
tracted by  alcohol  and  ether,  some  of  which  are  yet  very  imperfectly 
known,  and  from  75  to  80  per  cent,  of  water.  According  to  Fr^my, 
if  the  nervous  substance  be  boiled  with  alcohol,  elain,  cholesterin,  oleic 
and  margaric  adds  are  extracted,  partly  combined  with  soda,  potana,  or 
lime;  if  then  the  residue  be  treated  with  boiling  ether,  cholesterin, 
oerebric  acid,  and  oleo-phosphoric  acid  are  dissolved.  These  acids  are 
also  in  combination  with  soda  and  lime.  The  first  is  solid,  white,  and 
crystalline,  soluble  without  difficulty  in  boiling  alcohol  and  ether,  and 
fbrmiag  with  hot  water  a  sofl  gelatinous  mass.  It  melti  when  heated, 
and  decomposes  almost  immediately  afterwards,  exhaling  a  peculiar 
odour,  and  leaving  a  quantity  of  charcoal  which  contains  free  phos- 
phoric acid,  and  is,  in  consequoioe,  very  difficult  to  bum.  It  combines 
with  the  alkalis,  but  forms  insoluble  compounds.  Cerebric  add  con- 
tains in  100  parts : — 

Carbon 66-7 

Hydrogen     .  .         .         .10*6 

Nitrogen  .  .  .  2-3 

Oxygen 19  "5 

Phosphorus       .  .         .         .  0'9 

100-0 

Cerebric  acid  has  been  found  in  the  yolk  of  eggs,  in  seminal  fluid,  in 
the  spleen,  in  pus,  and  in  other  products  of  disease. 

The  oleo-phosphoric  acid  has  been  even  less  perfectly  studied  than 
the  preceding  substance.  It  is  of  sofl  oily  consistence,  soluble  in  hot 
alcohol  and  ether,  and  saponifiable.  When  boiled  with  water,  it  is  re- 
solved into  a  fluid  neutral  oil,  called  cerebroiein,  and  phosphoric  add, 
which  dissolves.    Fr^my  gives  about  2  per  cent,  of  phosphoric  acid. 
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The  oily  matter  of  the  brain  is  sufficient  in  quantity  to  fiam  v^ 
the  albominoas  portion  a  kind  of  emulsion,  which,  when  beaten  nm  te> 
mains  long  suspended  in  water. 

CoMTBAoriLE  BUBSTANCB. — This,  like  nenre  sabstanoe,  ooasils 
of  many  different  oompounds.  It  contains  74  to  80  per  cent,  water, 
and  26  to  20  solid  constituents.  The  most  remarkable  of  these  b 
syntonin,  the  fibrin  of  flesh  of  Liebig.  Oeein,  albumin, 
hypoxanthin,  uric  add,  and  fat  are  also  presents  The  solid 
tuents  contain  4  to  5  per  cent,  of  ash.  Potassa,  soda,  lime^ 
sulphuric,  phosphoric,  and  hydrochloric  acids  are  present. 

Elastic  tissue  ;  skin. — The  skin  and  tendons  contain  a 
which  resists  the  action  of  boiling  water  even  for  60  hoars.  Itii 
insoluble  in  cold  concentrated  acetic  acid,  and  in  tolerably  coDoeotnlBi 
caustic  potassa.  By  long-continued  boiling  m  acetic  add  it  is  gradn^ 
dissolved ;  it  is  more  easily  so  in  hydrochloric  add.  TUanns  fbaai 
in  the  ligamentnm  nuchs,  carbon  55*75,  hydrogen  7*41,  mtron 
17-74. 

The  prindple  of  tanning,  of  such  great  practical  value,  is  easily  ex- 
plained. When  the  skin  of  an  animd,  carefully  deprived  of  hair,  fit, 
and  other  impurities,  is  immersed  in  a  dilute  solution*  of  tannie  add. 
the  cellular  and  elairtic  tissues  gradually  combine  with  that  sabataaee 
as  it  penetrates  inwardi,  forming  a  perfectly  insoluble  oompooad, 
which  resists  putrefaction  completely:  this  is  leather.  In  practn^ 
lime-water  is  used  for  deansing  and  preparing  the  skin,  and  an  iniriBiaB 
of  oak-bark  or  sometimes  catechu,  or  other  astringent  matter,  fiv  Ik 
source  of  tannic  add.  The  process  itself  is  necessarily  a  alow  oo^  ai 
dilute  solutions  only  can  be  safely  used.  Of  late  years;,  howvfw, 
various  contrivances,  some  of  which  show  great  ingomitj,  have  been 
adopted,  with  more  or  less  suooeas,  for  quidcening  the  operation.  JkB 
leather  is  not  tanned :  glove  leather  is  dressed  with  alum  and  <h«wiim 
salt,  and  aflerwards  treated  with  a  preparation  of  the  yoUks  of  cg^ 
which  contain  an  albuminous  matter  and  a  yellow  oil.  Leather  of  Hm 
kind  still  yields  a  size  by  the  action  of  boiling  water. 

HoRNT  SUBSTANCE,  HAIB,  OHTTIN. — ^This  Ib  chiefly  fbmad  in  hair, 
nails,  feathers,  and  epithelium.  It  is  obtained  by  finely  dividing  tbev 
substances,  treating  them  with  warm  water,  and  afterwards  with  boil- 
ing alcohol  and  ether;  the  horn  substance  is  then  very  ednble  in  cbo»» 
tic  potash,  and  predpitable  by  acids.  By  long-continaed  boiling  wHk 
water  it  is  decomposed.    It  putrefies  with  difficulty. 

Scherer  fi)uiid — 


SUn  of  the  sole 

of  the  foot 

Carbon  . 

.   50-20 

Hydrogen 

.     6-78 

Nitrogen 

.   17-22 

Oxygen 
Sulphur 

}  25-80 

,Hair. 

Oz-horo. 

Nails. 

Fsathen. 

QaSL 

50-37 

51  13 

50- 15 

52-10 

52-00 

6-66 

6-71 

6-82 

711 

7-21 

17-94 

17-28 

16-90 

17-68 

17-89 

25-03      24-88      26-13      23-11       22-9C' 
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Chitin  forms  the  skeleton  of  insects  and  crostaoea.  It  is  prepared 
best  by  boiling  the  elytra  of  tlie  cockchafer  with  water,  alcohol,  ether, 
acetic  add,  and  alkalis.    Schmidt  found — 

Garbon      ....         46*6 

Hydrogen       .         .         .  ,      6'6 
Nitrogen  .          .         .         ,  6'6 

Oxygen  .  .  .40 

Bones. — At  the  age  of  21  years  the  weight  of  the  skeleton  is  to  that 
of  the  whole  body  as  10*5  to  100  in  man,  and  as  8*5  to  100  in  woman, 
the  weight  of  the  body  being  aboat  125  or  130  lbs.  Bones  are  con- 
structed of  a  dense  cellular  tissue  of  membranous  matter,  made  stiff  and 
rigid  by  insoluble  earthy  salts,  of  which  phosphate  of  lime  (SOaOyPO^) 
is  the  most  abundant.  The  proportions  of  earthy  and  animal  matter 
Tary  very  much  with  the  kind  of  bone  and  with  the  age  of  the  indi- 
vidaal,  as  will  be  seen  in  the  following  table,  in  which  Uie  correspond- 
ing bones  of  an  adult  and  of  a  still-bom  child  are  compared : — 


Amjup, 

Child. 

InoTganlc        Organic 

jjiorganic          Orgemio 

matter.          matter. 

matter.            matter. 

Femur 

.   62-49          37-51 

57-51          42-49 

Humerus  . 

.  63-02          36-98 

58*08          41-92 

Badins 

.  60-51          39-49 

56*50          43*50 

Ob  temporum 

.  63-50          36-50 

55*90          44*10 

Coeta  . 

.  57-49          42-51 

53-75          46*25 

The  bones  of  the  adult  being  constantly  richer  in  earthy  salts  than 
those  of  the  infant. 

The  following  complete  comparative  analysis  of  human  and  ox  bones 
is  doe  to  Berzditts : — 

Animal  matter  soluble  by  boiling 
Vascular  substance  . 
Phosphate  of  lime,  with  a  little^ 
fluoride  of  calcium    .         .      / 
Carbonate  of  lime    . 
Phosphate  of  magnesia 
Soda,  and  a  little  common  salt    . 

100-00        100-00 

The  teeth  have  a  very  similar  composition,  but  contain  less  animal 
matter:  their  texture  is  much  more  solid  and  compact.  The  enamel 
does  not  contain  more  than  2  or  3  per  cent,  of  animal  matter,  whilst 
81  to  88  per  cent,  of  phosphate  of  lime  with  7  or  8  per  cent  of  car- 
bonate of  lime  are  present. 


Human  bones. 

32-17\ 
.     1-13/ 

Ox  bones. 
33*30 

53-04 

67-35 

.  11-30 

1*16 

.    1-20 

3*85 
2-05 
3*45 
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ON  RESPnUlTION,  DIGESTION,  NUTRITIOar. 


The  simplest  view  that  can  be  taken  of  a  respiratory  argui  in  an 
air-breathing  animal,  is  that  of  a  little  membranous  bag,  satmalri 
with  moisture,  and  containing  air,  over  the  surface  of  which  meaadera 
a  minute  blood-vessel,  whose  contents,  during  the  passage,  are  thai 
subjected  to  the  chemical  action  of  the  air,  through  the  sabstanoe  «i 
the  membranes,  and  in  virtue  of  the  solubility  of  the  gaseous  matter 
itself  in  the  water  with  which  the  membranes  are  imbued.  In  some 
of  the  lower  classes  of  animals,  where  respiration  is  sluggish  and  iiiac- 
tive,  these  air-cells  are  few  and  larger;  but  in  the  higher  kinds  ther  an 
minute,  and  greatly  multiplied  in  number  in  order  to  gain  cgcfeent  of 
surface,  each  communicating  with  the  external  air  by  the  windpipe  sad 
its  ramifications. 

Respiration  is  performed  by  the  agency  of  the  muscles  whkii  5c 
between  and  about  the  ribs,  and  by  the  diaphragm.  In  an  ordinary 
eipirstion  from  22  to  43  cubic  Ruches  of  air  ai'e  thrown  ont.  It  hai 
been  said  that  as  little  as  3  and  as  much  as  100  cubic  inches  hare  bes 
expired.  By  a  forced  effort,  ordinarily  from  50  to  60  cubic  inches  are 
e<|ielk\l,  and  after  a  full  inspiration  possibly  from  100  to  300  cdkk 
inches  may  be  expired.  Even  then  the  lungs  are  not  emptied  d  air. 
The  residual  quantity  has  been  estimated  at  from  40  to  260  cnlnc 
inches.  After  an  ordinary  eq>i  ration  a  further  quantity  of  air,  amount- 
ing to  from  77  to  170  cubic  inches,  may  be  expired,  and  after  an  oni)> 
naiy  inspiration  by  the  deepest  sigh,  from  119  to  200  more  cnbie 
inches  may  be  drawn  into  the  lungs.  Usually  about  15  respiratioos 
are  made  in  a  minute:  the  numb^,  however,  even  in  health  varies 
firom  9  to  20. 

The  expired  air  is  found  to  have  undergone  a  remarkable  changa:  it 
is  loaded  with  aqueous  vapour,  while  a  very  large  proportion  of  oxygoi 
has  disappeared,  and  its  place  been  supplied  by  carbonic  add  ;  air  once 
breathed  containing  enough  of  that  gas  to  extinguish  a  taper.  TIm 
quantity  of  this  gas  is  very  liable  to  variation,  usually  from  3*3  to  6*3 
per  oenL  of  carbonic  add  is  found  to  be  present ;  when  the  respiratiois 
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are  few,  the  carbonic  acid  is  greatest,  when  manj,  least :  thus  with  6 
respirations  per  minute,  5'5  per  cent,  has  been  found ;  with  48  respira- 
tions, 2*9  per  cent.  A  full  meal,  cold  weather,  and  increased  barometric 
pressure,  increase  the  carbonic  acid.  Heat,  alcohol,  tea,  and  diminished 
pressure,  lessen  the  carbonic  acid :  age  and  sex  produce  definite  effects. 
it  appears  most  probable  that  nitrc^n  in  small  quantities  is  exhaled. 

Whaterer  may  be  the  difficulties  attending  the  investigation  of  these 
subjects, — ^and  difficulties  thei-e  are,  as  the  discrepant  results  of  the 
experiments  prove, — one  thing  is  clear:  namely,  that  quantities  of 
hydn^en  and  carbon  are  daily  oxidized  in  the  body  by  the  free  oxygtm 
of  the  atmosphere,  and  their  products  expelled  from  the  system  in  the 
shape  of  water  and  carbonic  acid.  Now,  if  it  be  true  that  the  heat 
developed  in  the  act  of  combination  is  a  constant  quantity,  and  no  pro- 
position a^^Mars  more  reasonable,  the  high  temperature  of  the  body  may 
be  the  simple  result  of  this  exertion  of  chemical  force. 

The  oxidation  of  combustible  matter  in  the  blood  is  effected  in  the 
capillaries  of  the  whole  body,  not  in  the  lungs,  the  temperature  of 
which  does  not  exceed  that  of  the  other  parts.  The  oxygen  of  the  air 
is  taken  up  in  the  lungs,  and  carried  by  the  blood  to  the  distant 
capillary  vessels ;  by  the  aid  of  which,  secretion,  and  all  the  mysterious 
functions  of  animal  life,  are  undoubtedly  performed :  here  the  combus- 
tion takes  place,  although  how  this  happens,  and  what  the  exact  nature 
of  the  combustible  may  be,  beyond  the  simple  fact  of  its  containing 
carbon  and  hydrogen,  yet  remains  a  matter  of  (x>njecture.  The  carbonic 
acid  produced  is  held  in  solution  by  the  now  venous  blood,  and  probably 
confers,  in  great  measure,  upon  the  latter  its  dark  colour  and  deleterious 
action  upon  the  nervous  system.  Once  more  poured  into  the  heart, 
and  by  that  organ  driven  into  the  second  set  of  capillaries  bathed  with 
atmospheric  air,  this  carbonic  add  is  conveyed  outwards,  through  the 
wet  membrane,  by  a  kind  of  false  diffusion,  constantly  observed  under 
such  drcumstanoes ;  while  at  the  same  time  oxygen  is,  by  similar 
means,  carried  inwards,  and  the  blood  i-esumes  its  biight-red  colour,  and 
its  capability  of  supporting  life.  Much  of  this  oxygen  is,  no  doubt, 
simply  dissoh-ed  in  tiie  serum  :  the  corpuscles,  according  to  Professor 
Liebig,  act  as  caniers  of  another  portion,  in  virtue  of  the  iron  they  con- 
tain, that  metal  being  alternately  in  the  state  of  sesquioxide  and  of  car- 
bonate of  the  protoxide,— of  sesquioxide  in  the  arteries,  and  of  carbonate 
of  protoxide  in  the  veins,  by  loss  of  oxygen,  and  acquisition  of  carbonic 
acid.  M.  Mulder  considerH  the  fibrin  to  act  in  the  same  manner ;  being 
true  fibrin  in  the  veins,  and,  in  part  at  least,  an  oxide  of  protein  in  the 
arteries. 

It  would  be  very  desirable  to  show,  if  possible,  that  the  quantity 
of  combustible  matter  daily  burned  in  the  body  is  adequate  to  the 
production  of  the  heating  effects  observed.  Something  has  been  done 
with  respect  to  the  carbon.  Comparison  of  the  quantities  and  com- 
position of  the  food  consumed  by  an  individual  in  a  given  time,  and 
of  the  excretions,  shows  an  excess  of  carbon  in  the  former  over  the 
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latter,  amoanting,  in  some  cages,  aoooTding  to  Lielrig's  Ugb  estiBite  * 
to  14  ounoes ;  the  whole  of  which  is  thrown  off  in  the  state  of  aibonie 
add,  from  the  lungs  and  skin,  in  the  space  of  twentj-fbor  faoms.  Tlii 
statement  applies  to  the  case  of  healthy,  vigorons  men,  much  emplo^ad 
in  the  open  air,  and  supplied  with  abundance  of  natfitkwis  food. 
Females,  and  persons  of  weaker  habit,  who  follow  in-door  pazsoits  is 
warm  rooms,  consume  a  much  smaller  quantity :  their  re^intioB  ■ 
less  enei^tlc,  and  the  heat  generated  less  in  amount.  Those  who  in* 
habit  very  cold  countries  are  well  known  to  consume  enormous  qosa* 
titles  of  food  of  a  &tty  nature,  the  carbon  and  hydrogoi  of  which  &e, 
without  doubt,  chiefly  employed  in  the  production  of  animal  best. 
These  people  live  by  hunting :  the  muscukur  exertion  required  qnidoe^ 
and  deepens  the  breathing;  while,  from  the  Increased  density  of  tb 
air,  a  g^reater  weight  of  oxygen  is  taken  into  the  lungs,  and  absoEbel 
into  the  blood  at  each  inspiration.  In  this  manner  the  temperature  ef 
the  body  is  kept  up,  notwithstanding  the  pienang  external  ooJd:  a  meet 
marrellous  adjustment  of  the  nature  of  the  food,  and  even  of  the  id- 
dinations  and  appetite  of  the  man,  to  the  drcumstanoes  of  his 
enable  him  to  bear  with  impunity  an  atmospheric  temperature 
would  ^otherwise  injure  him. 

The  carbon  consumed  in  respiration  in  one  day,  by  a  horse  mo^ 
rately  fed,  amounted,  in  a  valuable  experiment  of  M.  Bouasingmult,!  x» 
79  ounces ;  that  consumed  by  a  cow  71  ounces.  The  determioi^iGc 
was  made  in  the  manner  just  mentioned,  viz.,  by  oomparing  the  qaat- 
tity  and  composition  of  the  food. 

New  and  very  important  experiments  on  respiration  have  been  wak 
in  Munidi  by  Drs.  Pettenkofer  and  Voit. 

The  apparatus  was  large  enough  to  allow  a  man  to  breathe  and.  men 
as  in  an  ordinary  dwelling-room  for  twenty-four,  hours  at  least.  Tbc 
air  could  be  changed  to  the  extent  of  m>m  fifteen  to  aeresBty-fiTc 
cubic meten  an  hour:  the  diemical  difference  between  the  air  that  wot 
in  and  that  which  came  out  was  determined. 

The  King  of  Bavaria  gave  about  600/.  for  the  construction  of  the 
apparatus,  and  it  acted  so  wdl  that  the  quantity  of  carbon  and  of  hydiiK 
gen  in  a  stearine  candle  burnt  in  the  apparatus  could  be  determiBed  as 
accurately  by  the  quantity  of  carbonic  add  and  water  produoed,  as  1^ 
an  organic  analysis. 

A  dc^  and  a  man  were  experimented  on.  In  the  d(^  the  anooiant  of 
carbonic  add  expired  was  least  after  ten  days  of  hunger ;  when  a  fall 
diet  of  flesh  and  fat  was  taken,  three  times  as  much  carbonic  a<ad  was 
produced.  The  urea  was  increased  twenty-two  times  as  much  as  duinf 
starvation. 

In  man  not  quite  one-third  more  carbonic  add  was  produced  wbes 
full  diet  was  taken,  than  was  found  during  starvatitxi. 
-  From  the  amount  of  carbonic  add  and  urea  formed  when  anIiiaJ 

*  'Animal  QiemiBtry,'  p.  14. 

t  *  Annales  de  GUmie,'  voL  IzxL,  pp.  136  and  137. 
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food  alone  was  taken,  it  appears  that  some  fatty  matter  most  be  prodaoed 
and  retained  in  the  Bjstem, 

Starch  and  sugar  diet  do  not  appear  to  cause  a  deposit  of  fat  directly, 
thoagh  they  may  do  so  indirectly. 

Careful  determination  of  the  amount  and  composition  of  the  food  and 
oxygen  consumed,  led  to  the  belief  that  hydrogen  and  light  carburetted 
hydrogen  (C2H4),  were  given  off  in  respiration.  This  is  fully  con- 
firmed by  these  experiments.  It  follows  from  this  important  fact,  first, 
that  the  carbonic  add  produced  cannot  be  looked  on  as  the  measure  of 
the  amonnt  of  oxygen  taken  from  the  air,  and  secondly,  that  hydrogen 
cannot  be  assumed  to  be  first  oxidized  in  the  body. 

The  authors  intend  to  make  out  by  experiments  the  worth  and 
signification  of  the  daily  income  and  expenditure  of  the  body  in  health 
and  in  disease. 
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VEGETABLE  KINGDOMS. 


ON  DIGESTION. 


The  various  substances  of  which  the  food  of  man  is  composed  mmi 
become  finely  dirided  in  order  to  admit  of  their  passage  into  the  blood. 
In  the  process  of  fine  division  or  solution  different  substances  nndexp> 
different  chan^  in  the  alimentary  canal.  We  learn  nothing  % 
saying  the  food  is  converted  into  chyme,  and  the  chyme  b  chan^ 
into  chyle  *,  but  each  animal  and  v^etable  substance  must  be  ooo- 
sidered  separately  as  regards  the  changes  it  undergoes  when  exposed  to 
the  action  of  the  different  fluids  which  constitute  the  saliva,  gartrk 
juice,  bile,  pancreatic  juice,  and  intestinal  finid. 

Shortly  it  may  be  stated  that  the  mineral  substances,  when  exposed 
to  these  reagents,  are  but  little  changed. 

Hydrates  of  carbon,  as  cellulose,  gum,  staix^h,  sugar,  are  each  acted  ca 
diffo-ently  by  different  secretions ;  thus  cellulose  and  gum  are  probably 
not  changed.  Starch,  by  the  action  of  the  saliva  and  pancineatic  flaii, 
becomes  dextiin  and  glucose.  Cane  sugar  is  changed  by  gastric  joicf 
and  heat  into  grape  sugar,  and  all  sugars  are  ultimately  changed  bf 
the  intestinal  fiuid  and  heat  into  acids. 

Fat  is  unchanged  by  the  saliva  and  gastric  juice ;  but  the  bilew  the 
pancreatic  and  intestinal  fiuid  change  the  fat  into  a  finely-divided 
emulsion,  but  effect  no  perfect  solution. 

Albuminous  substances,  as  albumin,  fibrin,  casein,  globulin,  are  not 
acted  on  by  the  saliva,  bile,  or  pnncreatic  fiuid,  but  undei^  subdiviooe 
chiefiy  in  the  stomach.  Each  of  these  substances  is  chemically  changd 
in  the  process  of  solution  by  the  gastric  juice  (see  p.  720)  into  ootr^ 
spending  peptones.  The  rate  of  change  and  of  solution  depends  on  the 
mechanical  subdivision  as  well  as  on  the  chemical  properties  of  die 
diffei-ent  substances  acted  on. 

Gelatinous  substances  are  changed  chemically  by  the  gastric  jnice. 
and  thereby  lose  the  property  of  gelatinizing  when  cold.  But  this 
change  is  not  requisite  to  their  solution,  vrhidi  occurs  so  readily  that 
these  substances  can  often  be  taken  as  food  when  albaminous  sabstaDoes 
would  remain  in  the  stomach  undissolved. 

The  constant  and  unceasing  waste  of  the  animal  body  in  the  prooBM 
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of  respiration,  and  in  the  yarious  secondary  changes  therewith  con- 
nected, necessitates  an  equally  constant  repair  and  renewal  of  the 
whole  frame  by  the  deposition  or  organisation  of  matter  from  the 
blood,  which  is  thas  gradually  impoTeiished.  To  supply  this  defi- 
ciency of  solid  materid  in  the  circulating  6uid  is  the  office  of  the  food. 
The  striking  oontrast  which  at  first  appeal's  in  the  nature  of  the  food 
of  the  two  great  classes  of  animals,  the  vegetable  feeders  and  the  car- 
nivoroos  races,  diminishes  greatly  on  close  examination:  it  will  be 
seen  that,  so  fiu*  as  the  materials  of  blood,  or  in  other  words,  those 
devoted  to  the  repair  and  sustenance  of  the  body  itself,  are  concerned, 
the  process  is  the  same.  In  a  fiesh-eating  animal  great  simplicity  is 
observed  in  the  construction  of  the  digestive  organs ;  the  stomach  is  a 
m^e  enlargement  of  the  short  and  simple  alimentary  canal;  and  the 
reason  is  ^ain :  the  food  of  the  creatui-e,  fiesh,  is  absolutely  identical 
in  composition  with  its  own  blood,  and  with  the  body  that  blood  is 
destined  to  nourish.  In  the  stomach  it  undergoes  mere  solution, 
being  brought  into  a  state  fitted  for  absorption  by  the  lacteal  vessels, 
by  which  it  is  nearly  all  taken  up,  and  at  once  conveyed  into  the 
blood :  the  excrements  of  such  animals  are  little  more  than  the  com- 
minuted bones,  featheis,  hair,  and  other  matters  which  refuse  to  dis- 
solve in  the  stomach.  The  same  condition,  that  the  food  employed 
for  the  nourishment  of  the  body  must  have  the  same  or  nearly  the 
same  chemical  oomposilion  as  the  body  itself,  is  really  fulfilled  in  the 
case  of  animals  that  live  exclusively  on  vegetable  substances.  It  has 
been  shown*  that  certain  of  the  azotized  principles  of  plants,  which 
oflen  abound,  and  are  never  altogether  absent,  ^lave  a  chemical  com- 
position and  assemblage  of  properties  which  assimilate  them  in  the 
closest  manner,  and  it  is  believed  even  identify  them,  with  the  azotized 
principles  of  the  animal  body :  vegetable  albumin,  fibrin  and  casein  are 
scarcely  to  be  distinguished  from  ^e  bodies  of  the  same  name  extracted 
from  blood  and  milk. 

If  a  portion  of  wheaten  flour  be  made  into  a  paste  with  water,  and 
cautiously  washed  on  a  fine  metallic  sieve/  or  in  a  cloth,  a  grayish,  ad- 
hesive, elastic,  insoluble  substance  will  be  left,  called  gluten  or  glutin, 
and  a  milky  liquid  will  pass  through,  which  by  a  few  houni'  rest 
becomes  dear  by  depositing  a  quantity  of  starch.  If  now  this  liquid 
be  boiled,  it  becomes  again  turbid  from  the  production  of  a  flocculent 
precipitate,  which,  when  collected,  washed,  dried,  and  purified  from  fat 
by  boiling  with  ether,  is  found  to  have  the  same  composition  as  animal 
albumin.  The  glutin  itself  is  a  mixture  of  true  v^etable  fibrin  and  a 
small  quantity  of  a  peculiar  azotized  matter  called  gHadin,  to  which  its 
adhesive  properties  are  due.  The  gliadin  may  be  extracted  by  boiling 
alcohol,  together  with  a  thick,  fluid  oil,  which  is  separable  by  ether :  it 
is  gluey  and  adhesive,  quite  insoluble  in  water,  and  when  dry,  hai'd,* 
aoa  translucent  like  horn:  it  dissolves  readily  in  dilute  caustic  alkali, 

*  Lieblg, '  Ann.  der  Chem.  nnd  Phar.,'  zzxiz.  129. 

3U 


738  CHEMICAL  FTTVCnOKS  m  AlOMALS. 

and  also  in  acetic  add.  The  fibrin  of  o&er  grain  is  tmaQoompanied  by 
gliadin :  barley  and  oatmeal  yield  no  glatin,  but  inooherent  filameoti 
of  nearly  pure  fibrin. 

Vegetable  albumin  in  a  soluble  state  abounds  in  the  jnioe  of  maoj 
soft  succulent  plants  used  for  food :  it  may  be  extracted  from  potatoes 
by  macerating  the  sliced  tubers  in  cold  water  containing  a  little  sul- 
phuric add.  It  coagulates  when  heated  to  a  temperature  dependent 
upon  the  degree  of  concentration,  and  cannot  be  distinguished  when  s 
this  state  from  boiled  white  of  egg  in  a  divided  condition. 

Almonds,  peas,  beans,  and  many  of  the  oily  seeds,  omtain  a  pria- 
dple  which  bears  the  most  striking  resemblance  to  the  casein  of  milL 
When  a  solution  of  this  substance  is  heated,  no  coagulation  occurs, 
but  a  skin  forms  on  the  surface,  just  as  with  boiled  milk.  It  is 
coagulable  by  alcohol,  and  by  acetic  add ;  the  last  being  a  characto-  of 
importance.  Such  a  solution,  mixed  with  a  little  sugar — an  emulsion 
of  sweet  almonds,  for  instance — left  to  itself,  soon  becomes  aour  and 
curdy,  and  exhales  an  offensive  smell :  it  is  th^  found  to  contain 
lactic  acid. 

All  these  substances  dissolve  in  caustic  potassa,  with  producti«i  of  a 
small  quantity  of  alkaline  sulphide :  the  filtered  solution  mixed  with 
excess  of  add  gives  precipitates  of  protein. 

The  following  is  the  composition  in  100  parts  of  vegetable  albomin 
and  fibrin :  it  will  be  seen  that  they  agree  very  doeely  with  tl^ 
results  before  given  :^ 

Albmnia.  FDxIn. 

Carbon 65*01  54-60 

Hydrogen       ....  7-23  7 '30 

Nitrogen 15 '92  15-81 

Oxygen,  sulphur,  and  phosphorus  21  '84  22-29 

lOO'OO  100-00 

The  composition  of  yegetable  casein,  or  legumm^  haa  not  been  so 
well  made  out:  so  much  discrepancy  appears  in  the  analysb  as  to 
lead  to  the  supposition  that  different  substances  have  been  operated 
upon. 

The  grtot  bulk,  howerer,  of  the  solid  portion  of  the  food  of  the  her- 
bivora  consists  of  bodies  which  do  not  contain  nitrogen,  and  therefore 
cannot  yield  sustenance  in  the  manner  described :  some  of  these,  as 
v^table  fibre  or  lignin,  and  waxy  matter,  pass  unaltered  throagh 
the  alimentary  canal ;  others,  as  starch,  sugar,  gum,  and  perhaps 
v^table  fat,  are  absorbed  into  the  system,  and  afterwards  disappear 
entirely :  they  are  supposed  to  contribute  very  largely  to  the  prodoo- 
tion  of  animtd  heat. 

On  these  principles,  Professor  Liebig  *  has  very  ingeniously  made  the 

•  *  Animal  Chemlstiy/  p.  86. 
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distmction  between  what  he  terms  plastic  elements  of  nutrition  &nd 
eiements  of  respiration ;  to  the  former  class  belong 

Vegetable  fibrin. 
Vegetable  albamin. 
Vegetable  casein, 
Animal  fletii, 
Blood. 


to  the  latter, 

Fat, 
Starch, 
Gum, 
Cane-Bagar, 


Grape-sugar, 
Milk-sugar, 
Pectin, 
Alcohol  ? 


In  the  flesh-eating  animal,  the  waste  of  the  tissues  is  very  rapid,  the 
temperature  being,  as  it  were,  kept  up  in  great  measure  bj  the  burning 
of  azotized  matter :  in  a  ratable  feeder  it  is  probably  not  so  great, 
the  non-azotixed  substances  being  consumed  in  the  blood  in  place  of 
the  organic  fabric. 

When  the  muscular  morements  of  a  healthy  animal  are  restrained, 
a  genial  temperature  kept  up,  and  an  ample  supply  of  food  containing 
much  amylaceous  or  oUy  matter  given,  an  accumulation  of  fat  in  the 
system  rigidly  takes  place :  this  is  well  seen  in  the  case  of  stall*fed 
cattle.  On  the  other  hand,  when  food  is  deficient,  and  much  ezerdse 
is  taken,  emaciation  results.  These  effects  are  ascribed  to  differences 
in  the  activity  of  the  respiratory  function :  in  the  first  instance,  the 
heat-food  is  supplied  faster  than  it  is  consumed,  and  hence  accumulates 
in  the  form  of  fiit ;  in  the  second,  the  conditions  are  reversed,  and  the 
creature  is  kept  in  a  state  of  leanness  by  its  rapid  consumption.  The 
fat  of  an  animal  appears  to  be  a  provision  of  nature  for  the  main- 
tenance of  life  dnrij^  a  certain  period  under  circumstances  of  privation. 

The  origin  of  fat  in  the  animal  body  has  at  one  time  been  made  the 
subject  of  much  animated  discussion.  On  the  one  hand  it  was  con- 
tended that  satisfactory  evidence  exists  of  the  conversion  of  starch  and 
saccharine  substances  into  &t,  by  separation  of  carbon  and  oxygen, 
the  change  somewhat  resembling  that  of  vinous  fermentation :  it  was 
argued,  on  the  other  side,  that  oily  or  fatty  matter  is  invariably  present 
in  the  food  supplied  to  the  domestic  animals,  and  that  this  fat  is 
merely  absorbed  and  deposited  in  the  body  in  a  slightly-modified  state. 
The  question  has  now  been  decided  in  favour  of  the  first  of  these 
views,  which  was  enunciated  by  Professor  Liebig,  by  the  very  chemist 
who  formerly  advocated  the  second  opinion.  By  a  series  of  very  beau- 
tiful experiments,  MM.  Dumas  and  Milne-Edwards  proved  that  bees 
exclusively  feeding  upon  sugar  were  still  capable  of  producing  wax, 
which  is  known  to  be  a  veritable  £it. 

The  food  of  animals,  or  rather  that  portion  of  the  food  which  is 
destined  to  the  repair  and  renewal  of  the  frame  itself,  is  thus  seen  to 
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consist  oi  substances  identical  in  composition  with  the  bodj  it  is  to 
nourish,  or  requiring  but  little  chemical  change  to  become  so. 

The  chemical  phenomena  observed  in  the  animal  system  resembk  so 
far  those  produced  out  of  the  body  by  artificial  means^  that  they  are 
all,  or  nearly  all,  so  far  as  is  known,  changes  in  a  descending  series. 
Albumin  and  fibrin  are  probably  more  complex  compounds  than  gdatia 
or  the  membrane  which  furnishes  it :  tiiis,  in  tnm,  has  a  fitf  greatpr 
complexity  of  constitution,  than  urea,  the  regular  form  in  which 
rejected  azotized  matter  is  conveyed  out  of  the  body.  The  animai 
lives  by  the  assimilation  into  its  own  substance  of  the  most  complex 
and  elaborate  products  of  the  organic  kingdom ; — ^products  which  are, 
and,  apparently,  can  only  be,  formed  under  the  influence  of  vegetable 
life. 

The  existence  of  the  plant  is  maintained  in  a  manner  strikii^y 
dissimilar : — ^the  food  supplied  to  vegetables  is  wholly  morffmne  ;  the 
carbonic  add  and  nitrogen  of  the  atmosphere,  the  water  which  falls  as 
rain,  or  is  deposited  as  dew ;  the  minute  traces  of  ammtaoiacal  rapoor 
present  in  the  air ;  the  albili  and  saline  matter  extracted  fnan.  the 
soil ; — such  are  the  substances  which  yield  to  plants  the  elements  ef 
their  growth.  That  green  healthy  vegetables  do  poeaeas,  under  cir- 
cumstanoes  to  be  mentioned  immediately,  the  property  of  decompoaii^ 
carbonic  add  absorbed  by  their  leaves  from  the  air,  or  oonvi^ed  thiUier 
in  solution  through  the  medium  of  their  roots,  is  a  £sct  posttivdy 
proved  bj  direct  experiment,  and  rendered  certain  by  ooasideratiQBS 
of  a  very  stnngent  kind.  To  effect  this  very  remarkable  decompoe- 
tion,  the  influence  of  light  is  indispoisable;  the  diffused  light  of  dxj 
suffices  in  some  degree,  but  the  direct  rays  of  the  sun  greatly  exdt 
the  activity  of  the  process.  The  carbon  separated  in  this  manner  is 
retained  in  the  plant  in  union  with  the  elements  of  water,  witii  whiek 
nitrogen  is  also  sometimes  assodated,  while  the  oxygen  is  thrown  off 
into  the  air  from  the  leaves  in  a  pure  and  gaseous  condition. 

The  effect  of  ammoniacal  salts  upon  the  growth  of  plants  is  to  i«> 
markabie  as  to  leave  little  room  for  doubt  concerning  the  pecnliar 
functions  of  the  ammonia  discovered  in  the  air.  Plants  wnidi  in 
their  cultivated  state  contain,  and  consequently  require,  a  Isurger 
supply  of  nitr(«eo,  as  wheat,  and  the  cereals  in  general,  are  found  to 
be  greatly  benefited  by  the  application  to  the  land  of  such  substanoes 
as  putrenad  urine,  which  may  be  looked  upon  as  a  solution  of  carbonate 
of  ammonia,  the  giumo*  of  the  South  Seas,  which  usually  cnntatna  a 


*  Quano  Is  the  partiaUy-decomposed  dang  of  birds,  found  In  imnwrnie 
tities  on  some  of  the  baiTen  islets  of  the  western  coast  of  South  Ameiios«  aa 
that  of  Peru.  Move  recently,  similar  deposits  have  been  foond  on  the  coast  of 
Southern  Africa.  The  guano  now  imported  into  Englsad  fhm  Oieee  loc^lfties 
Is  usually  a  soft,  brown  powder,  of  various  shades  of  colour.  White  qwda  of 
bone-earth,  and  sometimes  masses  of  saline  matter,  may  be  found  in  It.  That 
which  is  most  recent,  and  probably  most  valuable  as  manure,  often  fHmtaim 
undecompoeed  uric  add,  besides  mach  oxalate  of  ammonia,  or  chloride  of  am- 
monium, alkaline  phosphates,  and  other  salts;  it  has  a  most  offensive  odov; 
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hig6  proportion  of  ammoniacal  salt^  and  even  of  a  pure  sulphate  of 
ammonia.  Some  of  these  manures  doubtless  owe  a  pai*t  of  thdr  value 
to  the  phosphates  and  alkaline  salts  they  contain ;  still,  the  chief  effect 
is  certainly  due  to  the  ammonia. 

Upon  the  members  of  the  v^etable  kingdom  thus  deyolves  the  duty 
of  building  up,  as  it  were,  out  of  the  inorganic  constituents  of  the 
atmosphere,— the  carbonic  acid,  the  water,  and  the  ammonia, — ^the 
numerous  complicated  organic  principles  of  the  perfect  plant,  many  of 
which  are  afterwards  destined  to  become  the  food  of  animals,  and  of^ 
man.  The  chemistiy  of  vegetable  life  is  of  a  very  high  and  mysterious 
order,  and  the  glimpses  occasionally  obtained  of  its  general  nature  are 
few  and  rare.  One  thing,  however,  is  manifest,  namely,  the  wonder- 
ful relations  between  the  two  orders  of  organized  beings,  in  virtue  of 
which  the  rejected  and  refuse  matter  of  the  one  is  made  to  constitute 
the  esential  and  indispensable  food  of  the  other.  While  the  animal 
lives,  it  exhales  incessantly  from  its  lungs,  and  often  from  its  skin, 
carbonic  acid ;  when  it  dies,  the  sofl  parts  of  the  body  undergo  a  series 
of  chemical  changes  of  degradation,  which  terminate  in  the  production 
of  carbonic  acid,  water,  carbonate  of  anmionia,  and  perhaps,  other 
products  in  small  quantity.  These  are  taken  up  by  a  fresh  generation 
of  plants,  which  may  in  their  turn  serve  for  food  to  another  race  of 
animals. 


The  vpcdxnens  taken  tnm  older  deposits  bave  bat  little  smell,  are  darker  in 
colonr,  contain  no  nrlc  add,  and  much  less  ammoniacal  salt ;  the  chief  compo- 
nents are  bone-earth,  a  pecollar  dark-coloured  organic  matter,  and  soluble 
Inorganic  salts.    See  also  p.  613. 


APPENDIX. 


GERHARDT'S  EQUIVALENTS  AND  NOTATION, 

About  fifteen  jears  ago  a  distinguished  French  chemist,  Charles 
Gerhardt,*  proposed  a  system  of  chemical  notation  differing  from  that 
which  is  in  general  use.  Gerhardt's  notation,  which  received  at  first 
but  little  favour,  has  gi:adually  gained  the  adhesion  of  many  distin- 
guished scientiRc  men,  and  is  now  a  subject  of  general  discussion  among 
diemists.  It  is  very  probable,  however,  that  the  leading  principles  on 
which  it  is  founded  will  undergo  considerable  modification  before  the 
new  system  is  generally  adopted ;  and  it  would  have  been,  therefore, 
premature  to  adopt  it  in  an  elementary  exposition  of  chemistry  like  the 
one  given  in  tiiis  Manual.  Nevertheless  the  new  system  has  already 
acquired  such  importance,  that  a  short  outline  of  Gerhardt's  notation, 
end  of  some  of  the  most  important  results  which  flow  from  it,  will 
become  necessary  even  for  the  elementary  student.  Such  an  outline 
has  been  attempted  in  this  Appendix,  the  perusal  of  which  is  recom- 
mended to  the  reader  after  he  has  studied  the  text  of  the  Manual. 

In  the  new  system,  as  in  the  old  one,  the  combining  numbers  are 
referred  to  that  of  hydrogen  as  unity.  The  new  numbers  coincide 
with  those  adopted  in  this  Manual,  except  in  the  oases  of  oxygen,  sul- 
phur, selenium,  tellurium,  carbon,  silicium,  titanium,  and  tin.  The 
equivalents  of  these  elements  are  doubled,  or,  as  in^the  case  of  silicium 
and  Utaniuro,  multiplied  by  |,  and  the  symbob  representing  these 
higher  double  quantities  are  barred,  thus,  O,  B,  &c. 

*  '  Introdiictlon  k  T^tode  de  la  CSiimie  par  le  systeme  unitalre,'  par  M.  Charles 
GerbardU    1848. 


744 


APPENDIX. 


Name. 

Old  NotaUoD. 

NewN< 

Combining 
Number. 

Combining 
Number. 

^ymboL 

SjuAoL 

Hydrc^en 
Oxygen     . 
Sulphur 
Selenium  • 

1 

8 
16 
39-5 

0        , 

S 
Se 

1 

16 
32 
79 

H 
0 
S 
Se 

Tellurium     . 

64-2 

Te        , 

128-4 

^ 

Carbon 

6 

G         1 

12 

e 

Silicium 

21-37 

Si        , 

28-5 

Si 

Titanium  . 

36-37 

Ti 

48-5 

^ 

Tin     .          .          . 

59 

Rn 

118 

Sn 

The  new  numbers  are  chiefly  founded  on  the  consideration  of  the 
proportidltus  in  which  the  gaseous  and  gasiBable  elements  combine  by 
volume. 

Gerhardt  assumes  that  equal  volumes  of  the  elementary  gates  and 
vapours,  when  compared  tmder  similar  conditions  of  temperaivre  and 
pressure,  contain  the  same  nttmber  of  atoms.  If  this  hypothesis^  which 
cannot  be  proved  directly,  be  true,  it  is  obrious  that  the  reladre 
weights  of  the  atoms  must  be  represented  by  the  specific  gravities  of 
the  elementary  gases  and  vapours.  In  the  following  table  the  specific 
gravities  of  elementary  gases  and  vapours  which  have  bem  experinaen- 
tally  determined,  are  compared  with  the  atomic  weights  aooording  to 
the  old  and  new  systems ;  and,  in  order  to  facilitate  this  oomparisoa, 
the  specidc  gravities  are  referred  to  hydrogen  as  unity,  instead  of,  as 
is  usually  done,  to  atmospheric  air. 


Name  of  Element. 

Old 
Equivalent 

Now 
Equivalent 

SpeeiflcgmTity 
referred  to  Hy- 
drogeo  as  voi^. 

Hydrogen     . 
Oxygen     . 
Sulphur        .         • 
Chlorine    . 

1 

8 
16 
35-6 

1 

16 
32 
35-5 

1 
15-936 
31-705 
34-940 

Bromine 

80 

80 

79-806 

Iodine 

127 

127 

125-607 

Nitrogen 

Phosphorus 

Arsenic 

14 
31 
75 

14 
31 
75 

13 -^S 
63-711       , 
152-792       1 

Mercury    . 

100 

1 

100 

100-555       f 

This  table  shows  that  the  specific  gravities  of  the  elementary  gases 
and  vapours,  referred  to  hydrogen  as  unity,  represent  the  atomic  weights 
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of  these  elements.  Exceptions,  however,  are  obeerred  in  the  cases  of 
pbosphoras  and  arsenic,  the  specific  gravities  of  which  are  double  the 
atcxDic  weights. 

The  atomic  weights  of  the  gaseous  or  gasiHable  elements,  when  ex<* 
pressed  by  the  new  numbers,  yield,  with  the  sole  exception  of  phos- 
phorus and  arsenic,*  equal  volumes  of  gas  or  vapour,  and  if  we  take 
the  Tolame  occupied  by  Uie  atomic  weight  of  hydrogen  as  unity,  we 
may  saj  that  the  atomic  weights  of  the  elements  form  1  voL  of  gas  or 
vapour,  it  has  been  supposed  that  the  atomic  weights  of  the  other 
elements,  could  these  elements  be  conveniently  volatilized,  would  like- 
wise form  1  vol.  of  vapour. 


Compounds,  expressed  by  the  new  numbers,  exhibit  a  similar  con- 
stancy of  relation  between  atomic  weight  and  specific  gravity,  and  a 
similar  uniformity  in  their  vapour-volumes. 

The  specific  gravity  of  a  compound  in  the  state  of  gas  or  vapour 
=  ^  the  atomic  weight,  or  the  atomic  weights  of  compounds  occupy 
2  Tol.  of  vapour. 

A  few  examples  will  illustrate  this  point : — 

1  atom  of  hydrogen  (H  =  l  vol.)  unites  with  1  atom  of  chlorine 
(01  =  1  vol.),  1  atom  of  bromine  (Br=  1  vol.),  or  1  atom  of  iodine 
Ql  =  1  vol.). 

Combination  takes  place  without  any  condensation,  and  the  resulting 
compounds  occupy  a  volume  equal  to  the  sum  of  the  volumes  of  the 
constituents.  It  is  therefore  obvious  tliat  the  atomicjweights  of  hydro- 
chloric add,  HCl,  hydrobromic  acid,  HBr,  and  hydrioidic  acid,  HI,  most 
each  form  2  vol.  of  vapour,  and  that  their  specific  gravities  must  be 
eqnal  to  half  their  atomic  weight. 

H                       =                     1=1  vol. 
CI = 35-5     =     1  vol. 

HCl  =  36-5     =     2  voL 

•  There  is  still  hope,  tboue^  very  folnt,  that  a  renewed  examination  of  the  spe- 
clAc  gravities  of  phosphorus  and  arsenic  may  remove  this  aoMnaly.  This  hope 
to  based  upon  the  following  ooosiderations.  Earlier  experiments  hsd  given  .toe 
specific  gravity  of  sulphur  vapGur=95-3,  the  spedflc  gravity  of  hydrogen=l ; 

wben  the  equivalent  volume  of  this  element  became  ^;:%=  0'16  (or  about  ^) 

or  ^  SB  0*3S  (about  i)  aooordlng  as  the  old  or  new  equivalent  weight  of  sol- 

phor  be  adopted.  If  ore  recently,  H.  Deville  has  determined  the  density  of  the 
'wuptmr  of  sulphur  at  higher  temperatures  (at  the  boillng*polnts  of  cadmium 
and  sine)  when  a  spedflc  gravity  was  found  yielding  the  equivalent  volume 

-  "*  -  =:  1'0091,  or  very  little  more  than  1.    Deville  has  recently  again  deter- 

milled  the  specific  gravities  of  phoq)bom8  and  arsenic,  and  his  oheervattons 
oonllrm  the  numbere  given  in  the  text :  nevertheless,  on  further  experiments 
at  still  higher  temperatures,  the  anomalies  at  present  observed  in  the  case  of 
phosphorus  and  anenlc  nuiy  possibly  likewise  disappear. 
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In  the  compounds  of  hydrogen  with  oxygen  and  salphnr,  3  atoms  wi 
hydrogen  (H,  =  2  vol.)  unite  respectively  wi(h  1  atom  of  ozygcB, 
(h  =  l  ▼ol.),  and  1  atom  of  sulphur  (5  =  1  vol.).  In  water  and  in 
sulphuretted  hydrogen  the  sum  of  the  volumes  of  the  constitoeDts  is  3, 
but  the  combination  takes  place  with  condensation,  the  bulk  of  the 
stituents  (2  vol.  of  hydrogen  and  1  vol.  of  oxygen =3  vol.), 
reduced  to  ]  (2  vol.)  of  water-vapour,  or  of  sulphuretted  bydrogn. 
Here  again  the  atom  of  water  H^O,  or  of  sulphuretted  hydrogai  H,S, 
jrields  2  vol.  of  gas :  the  specific  gravities  of  these  compounds  in  the 
state  of  vapour  are  equal  to  half  their  atomic  weights. 

H,  =  2  =  2  vol. 

e         =  16  =  1  ToK 

H,e  =  18  =  2  ToL 

In  the  compound  of  hydrogen  with  nitrogen,  in  ammonia,  3  ataais  oT 
hydrogen  (H,  =  3  vol.)  are  united  with  1  atom  of  nitrogen  (N  =  1  voL). 
in  this  case  the  sum  of  the  volumes  of  the  constituents  is  4,  but  ^ 
combination  likewise  takes  place  with  oondensatioo,  the  balk  of  the 
constituents  (3  vol.  of  hydrogen,  and  1  vol.  of  mtro(^=4  -vol.) 
reduced  to  }  (2  voL  of  ammonia). 

H,  =  3  =  3  vol 

N  =  14  =  1  vol. 


H,N  =  17  =  2  ToL 

In  the  compound  of  hydrogen  with  carbon,  as  in  marsh-gas,  laady, 
4  atoms  of  hydrogen  (H4  =  4  vol.)  are  in  comlnnation  with  t  atom  of 
cai^MU.  Carbon  being  a  non-volatile  element,  we  cannot  know  the 
volume  of  carbon  in  the  state  of  gas ;  but  whatever  this  volnrae  may 
be,  it  is  experimentally  established,  that  in  the  formation  of 
the  bulk  of  the  constituents  (4  vol.  of  hydrogen  and  z  vol.  of 
vapour)  are  so  condensed  as  to  produce  2  vols,  of  marah-gsB. 

H4  =  4  =  4vqL 

6  =  12  =  xvol. 


Hfi  =  16  =  2toL 

Thus  we  find  that,  represented  in  the  new  system,  the  atoma  of  foor 
classes  of  compounds,  as  differently  constituted  as  those  repmented  by 
hydrochloric  acid,  water,  ammonia,  and  marsh-gas,  all  yield  2  vol.  of 
gas  or  vapour,  the  specific  gravities  of  these  compounds  being  eoa- 
sequently  equal  to  one  half  their  atomic  weights. 

Further  examples  illustrating  the  relations  between  the  atomie 
weights  of  compounds  and  their  specific  gravities  are  given  in  the  fol- 
lowing table. 
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Nazne  of  Satstanoe. 

Fomiiila. 

Atomic 
Weight 

'  Spedflo 
Gravity  of 
Vapour. 

Atomic 
Yolome. 

2 

Carbonic  oxide    . 

€e 

28 

13-950 

Carbonic  anhydride  . 

^Oj 

44 

21 

973 

2 

Phosgene  gu 

UOirfiji 

99 

49" 

931 

2 

Bisalphide  of  carbon 

"Goj 

76 

38- 

121 

2 

Salphuroufl  anhydride  . 

a\Tg 

64 

32' 

031 

2 

Sulphuric  anhydride. 

S^8 

80 

43' 

243 

2 

Phosphoretted  hydrogen 

H.P 

34 

16' 

792 

2 

Trichloride  of  arsenic 

AsCl, 

181-5 

90 

819 

2 

Ethyl-alcohol     .. 

e,H,o 

46 

23 

254 

2 

Ethyl-ether     . 

6^H,j0 

74 

36 

973 

2 

Methyl-ethyl-ether       . 

«A^ 

60 

31 

•005 

2 

Acetic  acid 

^9^fit 

60 

30 

■558 

2 

Acetic  anhydride 

^^HgO, 

102 

50 

■018 

2 

Acetate  of  ethyl 

^4^8^* 

88 

44 

■209 

2 

Aldehyde  . 

44 

22 

•082 

2 

Ethylene 

28 

14 

•131 

2 

Marsh  gas 

en. 

16 

8 

•038 

2 

Chloroform 

6HC1, 

119-5 

60 

'539 

2 

Tetrachloride  of  carbon . 

eci4 

154 

76 

•828 

2 

Camnhor 
Ethyiamine 

^& 

152 
45 

76 
22 

'604 
■630 

2    ; 

2 

The  relation  between  atomic  weight  and  specific  gravity  in  the  state 
of  vapour  (vapour-density)  which  we  have  point^  out,  has  been  so 
aniformly  observed  that  chemists  are  inclined  to  doubt  the  exactitude 
of  the  formulae  of  all  compounds,  the  atomic  weight  of  which  does  not 
yield  two  volumes  of  vapour,  and  the  determination  of  the  vapour-den- 
sity of  a  compound  has  thus  become  one  of  the  most  importiuit  means 
of  controlling  chemical  formulse  (see  text,  page  424). 

The  discrepancy  in  the  vapour-volumes  furnished  by  the  elementary 
and  compound  atoms,  the  former  corresponding,  as  has  been  pointed 
out,  to  one  volume,  while  the  latter  represent  two  volumes,  haa  led 
Gerhardt  to  the  revival  of  a  hypoUiesis  which  had  been  previously  coun- 
tenanced by  several  inquirers.  This  hypothesis  assumes  that  the 
elementary  atoms  are  incapable  of  existing  in  the  free  state,  and  that 
whenever  elementary  atoms  are  liberated  they  combine,  so  to  say, 
with  themselves  and  separate  in  pairs,  which  pairs  of  atoms  may  be 
called  the  molecules  of  the  elements.  We  thus  arrive  at  a  rigorous 
distinction  between  the  terms  elementary  atoms  and  elementary  mole- 
c^es ;  the  former  term  representing  the  smallest  quantities  in  which 
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the  elements  exist  in  combination,  the  latter  the  smallest  qinntity  of 
an  element  capable  of  existing  in  the  free  state. 

The  molecules  of  the  elements,  possessing,  as  they  do,  the  doaUe 
weight  of  the  atoms,  correspond,  with  the  exceptkxi  of  phospboms  and 
arsenic  (see  page  745),  to  2  volumes  of  gas  or  vapour. 


Name  of 

Specific 

Atomio 

Atomic 

Element. 

Gravity. 

WeJ^L 

Volome. 

Hydrogen 

1 

H 

1 

^ 

Oxygen 

16 

e 

16 

Sulphur 

32 

S 

32 

Chlorine 

35-5 

CI 

35-5 

Bromine 

80 

Br 

80 

Iodine 

127 

I 

127 

Nitrogen 

14 

N 

14 

Phosphorus 

62 

P 

31 

i 

Arsenic 

150 

As 

75 

i 

Mercury 

100 

Hg 

100 

1 

Xolecnlar 
Weight. 


lar 


HH 

ciq 

BrBr 
II 

NN 

PP 

AsAs 

HgHg 


It  is  thus  seen  that  the  molecules  of  the  elements  like  the  atoms  of 
compounds,  correspond  to  2  volumes  of  vapour,  and  that  if  we  adof  1 
for  the  elements  the  double  symbols  as  designating  the  molecules,  all 
chemical  foimulse,  with  the  exception  of  those  of  phospbores  and 
arsenic  and  perhaps  one  or  two  other  elements,  represent  weights  <^ 
matter  simple  or  compound,  which  in  the  state  of  gas  or  vapour 
occupy  the  same  volume. 

The  assumption  that  the  elementary  molecules  consist  of  two  atoms 
is  not  capable  of  being  proved  directly,  but  it  is  supported  by  many  ooo- 
siderations  and  anal(^es,  which  are  chiefly  taken  from  organic  cfae* 
mistry.  The  limits  of  this  outline  will  only  admit  the  <^ef  argmncBti 
to  be  mentioned  here. 

The  researches  of  the  last  twelve  or  fifteen  years  have  led  to  the  pr^* 
paration  of  a  series  of  hydrocarbons,  which  are  considered  as  the  radicab 
of  the  alcohols.  The  radicals  methyl,  ethyl,  propyl,  butyl,  amyl,  and 
caproyl  have  been  successively  examined.  The  composition  of  the  aloo> 
hols  to  which  these  radicals  belong,  being,  roethylic  alcohol  (€H,)HO, 
ethylic  alcohol  (6iH,)He,  propylic  alcohol  (€jay)He,  butyiic  al- 
cohol (€4Hp)H0,  amylic  alcohol  (€4Hij)H0,  and  lastly  caprojlic 
alcohol  (6gH|3)HO,  nothing  appeared  more  justifiable  than  the  for- 
mula 6H,  for  methyl,  OgH^  for  ethyl,  6,Hy  for  propyl,  B4H,  for 
butyl,  64H11  for  amyl,  and  OgHj,  for  caproyl,  which  were  origioafiy 
proposed  for  these  hydrocaibons.  A  more  minute  examinatioo  <iif 
these  compounds,  however,  very  soon  led  chemists  to  double  these  for* 
muln.  It  is  only  thus  that  they  represent  quantities  yielding  2  volumes 


2 

2 

32 

2    ' 

64 

2    1 

71 

2 

160 

2 

254 

2 

28 

2 

62 

1 

150 

1 

200 

1 

4 
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of  yaponr,  like  all  other  compounds,  and  that  the  differencee  of  hoiling- 
point  exhibited  by  these  snbstances  are  made  to  accord  with  the  expe- 
rience on  boiling-pointi  derived  from  numerous  other  observations. 
In  the  following  table,  the  formuls,  atomic  weights,  vapour-densities, 
atamic  Tolumes,  and  boiling  points  of  the  six  substances  in  question 
areuiited. 


Name. 

Formula. 

30 

58 

86 

114 

142 

170 

Spec.gr. 
of  Vapour 

Molecular 
Volume. 

Boiling-point. 

Methyl. 
Ethyl    . 
Propyl . 
Butyl  . 
Amyl    . 
Oaproyl 

e2He=ceH,)(eH,) 
6,H,o=(e,H.)(e,H.) 

e.H,3=(e,H.)(eA) 

15 
29 
43 
57 
71 
85 

2 
2 
2 
2 
2 
2 

unknown 
unknown 

1540-4.    68OC. 

226°-4. 108°C. 

311O-0.  1560C. 

395°-6.  202°C. 

The  difference  between  the  boilmg-points  of  propyl  and  butyl  is 
226°-4-154*'-4=72-0  d^.  (108°-  68*=40deg.  C),  that  between  the 
boiling-points  of  butyl  and  amyl  311°— 226°«4  =  84*6  deg.  (155° 
—  108° =47  deg.  C),  and  lastly  the  difference  between  the  boiling- 
points  of  amyl  and  caproyl  395°-6— 311°=84«6  deg.  (202°— 155° 
=47  deg.  C) .  According  to  Kopp*s  observations,  an  increment  of  CjHg 
=6Hg  in  composition  raises  the  boiling-point  36*3  deg.  (19*9  deg.  C) 
(see  page  529).  The  boiling-points  of  propyl,  butyl,  amyl,  and  caproyl 
unmistakably  show  that  these  bodies  differ  in  composition  not  by  OHg, 
as  implied  in  the  formulae  6,Hy,  64H,,  6aHi„  and  6eH„,  but  by 
2eH4=6  H4,  as  implied  by  the  formulae  egHj^,  esHis,  €ioH«,  and 
^i«Hj-.  If  methylic,  ethylic,  propylic,  butylic,  amylic,  and  caproylic 
alcdiols  be  viewed  as-  water  in  which  one  atom  of  hydrogen  is  replaced 
respectively  by  the  compound  atoms  methyl  6H3,  ethyl  6,11,,  butyl 
64HB,  amyl  ^fla,  and  caproyl  6,H„ 


H 
H 


Water. 


Methylic 
alcohol. 


Butylic 
alcohol. 


Ethylic 
alcohol. 

Amylic 
alcohol. 


Propylic 
alcohol. 

Caproylic 
alcohol. 


it  becomes  probable,  from  the  boiling-point  relations  alluded  to,  that 
the  compound  atoms  6H„  BJR^  ^Jij*  ^A,  65H1,,  and  ^^H^, 
in  the  moment  of  their  liberation,  combine  with  themiBelvefl,  giving 


750 


APPENDIX. 


rise  to  what  we  maj  now  call  the  oomponDd  molecnles^  (0H^^I,\ 
(OJIjjOjHj),  (6^H,,^,H»),  (B4H9,64H9),  (€^5H||,€^H„),  and 
(^s^io^e^is)*  '^^  methyl-,  ethyl-,  propyl-,  etc^  atoms  sod  m 
exist  in  the  alcohols  correspond  to  the  atom  of  hydrogen,  to  H  =  1, 
such  as  we  assame  it  to  exist  in  oombination :  the  methyl-,  ethyl-, 
propyl-,  etc..  molecules  which  exist  in  the  free  state,  consistxBg,  as 
they  do,  of  two  atoms  of  these  radicals,  correspond  to  the  moJecnle  ef 
hydrogen,  which  consists  itself  of  two  atoms  of  hydrogen. 

The  inference  drawn  from  the  boiling-points  of  the  aloohol-ndkal* 
is  uneqaivocally  supported  by  other  considerations.  The  methyl-,  ethyl-, 
propyl-,  butyl-,  etc.,  atoms  oocn^ng  in  the  several  aloohok  the  pboe, 
and  performing  the  ftmctions  of  one  of  the  hydrogen-atoms  in  wmta*, 
the  molecular  view,  which  we  haye  taken  of  these  atoou  in  the  ine 
state,  anticipates  the  formation  of  compounds  of  the  radical-at48BS 
wiUi  an  atom  of  hydrogen,  and  again  of  compound  molecules  oootainiag 
one  atom  of  one  and  one  atom  of  another  radical.  These  componads 
exist,  with  exactly  the  propei-ties,  specific  gravities  of  vapour,  botli]i|K> 
points,  etc.,  which  according  to  theory  they  should  have :  they  may  be 
formed,  moreover,  by  processes  which  in  turn  throw  considerable  light 
upon  the  molecular  constitution  of  the  radicab  thonselves.  ~ 
compounds  aro 


Name. 


Fonnuls. 


Hydrogen-methyl 

Hydrogen-ethyl 

Hydrogen-propyl 

Hydrogen-butyl 

Hydrogen-amyl 


en,  =H,(€H,) 

€A=H.(e,H,) 
€,H,=H,(€,HO 

€,H„=H,(64Hii 


And  again 


Name. 


Ethyl-butyl 

Ethyl-amyl 

Metbyl-capr. 

Butyl-amyl 

Butyl-capro. 


Formula. 


e.H,=(6^0.(e4H,) 

6,H„=(fl,n3),(6sH„) 

e,H„=(€H,),(e,H„) 

6,  H^  =  (64H,),(6aH„) 
e,oHa=(e,H.),(e.H„) 


11 


2 
2 

2 
2 
2 


BoDlng-poiDt. 


143^6.  62^ 
190^-4.  88*^. 
179^6.  88*^. 
269°-6.132°C. 
311°-0.155*\:. 
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These  compounds  are  produced  by  a  variety  of  processes,  some  of 
which  are  highly  importaat  as  regards  the  question  before  us.  The 
action  of  a  metal,  potassium,  sodium,  for  instance,  upon  iodide  of 
hydrogen  (hydriodic  acid)  gives  rise  to  the  formation  of  iodide  of  the 
metaJ,  hydrogen  being  libei-ated,  and  chemists  are  in  the  habit  of  repre- 
senting this  process  by  the  equation : 

HI+M  =  MI+H. 

In  a  similar  manner  iodide  of  ethyl  (hydriodic  ether)  is  decomposed 
hy  certain  metals,  iodide  of  the  metal  being  produced  with  evolution  of 
ethyl, 

(€,HOI+M=Al+(e,H.). 

Experiment  proves,  however,  that  the  liberation  of  ethyl  in  this  reac- 
tion is  preceded  by  the  formation  of  an  intermediate  compound  of  the 
metal  and  ethyl  M(6jH5),  which  only  by  the  further  action  of  iodide 
of  ethyl  furnishes  the  fi-ee  ethyl.  The  i-eaction  then  presents  two 
phases,  which  may  be  thus  represented, 

(1.)     (egH,)I+2M=MI+M(eiH4), 

(2.)     M(6gH4)+(6,HJI  =  MI+(e,H,)+(e.H,).. 

We  thus  disengage  2  atoms  (2  vols.)  of  ethyl ;  but  it  remains  unde- 
cided whether  these  two  atoms  are  evolved  separately  or  in  a  state  of 
combination  as  a  molecule. 

It  is  obvious  that  neither  the  analysis  of  ethyl,  nor  the  determina- 
tion of  its  specific  gravity  can  decide  the  question  whether  we  evolve 
2  Tol.  of  (OgH,),  or  6411,9  =  (6gH4),(02H5)  occupying  2  volumes. 

The  question,  however,  is  capable  of  being  elucidated  by  the  exami- 
nation of  analogous  reactions.  If  we  find  that  tlie  action  of  metal-ethyl 
upon  the  iodides  of  hydrogen,  of  butyl,  and  of  amy],  produces  the 
compounds 

Ethyl-hydrogen    .  .      eji,  ={^2"^^^),     H     =2  vol. 

Ethyl-butyl  .      €,H„  =  (O^H^),  (e,H,)  =  2  vol. 

Ethyl-amyl  .         .      6,H„=(e,H,),(64H„)=2  vol., 

compounds  the  formuls  of  which  are  fixed  by  analysis,  and  the  de- 
termination both  of  specific  gravity  and  boiling-point,  we  infer  from 
analogy  that  the  action  of  the  metal  upon  iodide  of  ethyl  liberates  the 
ethyl-molecule,  ethyl-ethyl  Bfi^^  =  (OjH,),  (OjH,)  =  2  vol.,  and  we 
conclude,  moreover,  by  following  up  the  analogy  to  hydri^en  tiiat  the 
action  of  the  metal  upon  hydriodic  acid  disengages  the  hydrogen- 
molecule,  hydrogen-hydrogen  H,  =  H,  H  =■  2  vol.,  and  that  this  action, 
like  that  between  the  metal  and  iodide  of  ethyl,  involves  two  con- 
secutive phases,  the  first  products  of  the  reaction  being  iodide  of  the 
metal  and  metal-hydrogen,  which,  under  the  influence  of  an  excess  of 
hydriodic  acid,  furnishes  again  iodide  of  the  metal  with  free  hydrogen. 
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The  eTolutioQ  of  hydrogen  from  hydriodic  acid  and  the  metal,  may 
theretVnre  be  represented  by  the  following  equations, 

1.)  HI  4-2M=MI+^IH, 
;2.)  MH+HI  =  MI+HH, 

or,  sinoe  the  compoand  of  the  metal  with  hydn^en  is  as  yet  unknown, 
by  the  equation, 

2HI+2M=2MI+HH. 

The  asaomption  that  the  molecnles  of  the  free  elements  consist  of  2 
atoms  inTolves  a  change  in  the  mode  of  representing  a  great  noniber 
of  chemical  processes  by  symbols^  which  at  the  first  glance  appears  to 
be  an  undesirable  complication,  but  which  on  closer  examination  is  a 
real  simplification.  Jh^  nature  of  this  change  is  sufficiently  obTious  by 
a  glance  at  the  equation  repres^ting  the  disengagement  of  hydrageo 
from  hydriodic  acid.  Whenever  a  free  element  figures  in  an  equatkn, 
it  must  appear  as  a  molecule  or  double  atom. 

The  decomposition  of  water  or  ammonia  by  chlorine,  whidi  as  long 
as  the  atom  is  not  sharply  distinguished  from  the  molecule  may  be 
thus  represented 

H,e+2ci=2Ha+ewd 

H,N+3Cl=3Ha+N, 

must  now  be  expressed  by  the  equations 

2H,e+2ClCl=4Ha+00  and 
2H,N + 3Caa  =  6HC1+  NN. 

This  complication  appears  even  more  manifest  in  processes  in  wiikh 
chemists  are  in  the  habit  of  simply  assuming  a  juxtaposition  of  the 
elements.  The  union  of  hydrogen  with  chlorine,  with  oxygen,  and  with 
nitrogen  is  no  longer  represented  by 

H+a  =  HCl;  2H+e  =  H,0;3H+N=H,N, 

but  by  the  equations 

HH+Cia  =  2Ha;  2HH+eO  =  2H,e; 
3HH+NN  =  2H^. 

These  equations  may  appear  less  el^ant  than  the  simpler  ones 
which  are  goierally  used,  but  they  have  the  advantage  of  establishing 
a  systematic  uniformity  in  our  notions  of  chemical  reactions  which  ^ 
old  equations  altogether  fail  to  convey. 

Hydrogen  unit^  with  iodine  to  form  hydriodic  add  :  submitted  to 
the  action  of  potassium,  hydriodic  acid  yields  hydrogen ;  hydriodic  acid, 
lastly,  when  mixed  with  a  solution  of  chloride  of  mercury  famishes  iodide 
of  mercury  and  hydrochloric  acid :  chemists  are  in  the  habit  of  consi- 
dering the  first  process  as  a  case  of  combination,  the  second  as  a  case 
of  decomposition,  while  the  last  process  is  a  case  of  double  decomposi- 
tion. 
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The  following  equations  represent  these  processes, 

I.  H  +1  =  HI  (combination), 

II.  HI+K  =  KI+H         (decomposition). 

lU.  HI+HgCl     =HC1+Hgl    (double  decomposition). 

Assuming  that  the  molecules  of  the  elements  represent  two  atoms, 
the  three  processes  in  question  may  be  thus  expressed, 

I.       HH+II    =HI+HI. 
II.a.    HI+KK=KI+KH, 
b.  KH+HI  =KH-HH. 
III.  HI+Hga   =HC1+Hgl. 

Represented  in  this  manner,  these  several  procrases,  which  are  usually 
considered  to  be  so  unlike  each  other,  simply  appear  as  different  forms 
of  the  same  kind  of  chemical  action ;  they  are  all  reactions  between 
two  molecules,  the  atoms  of  which  exchange  places,  the  reaction 
between  two  elementary  molecules  giving  rise  to  the  phenomenon 
generally  called  combination,  the  reaction  between  one  elementary  and 
one  compound  molecule  to  what  is  called  decomposition,  the  reaction, 
lastly,  between  two  compound  molecules  producing  the  effect  to  which, 
at  present,  the  term  double  decomposition  is  generally  restricted. 

The  limits  of  this  sketch  preclude  us  from  entering  further  into 
Uie  numerous  arguments  which  Gerhardt  has  fully  elaborated  in  the 
fourth  volume  of  his  celebrated  work,*  but  we  will  give  some  addi- 
tional illustrations  of  the  clearness  with  which  the  most  varied  chemi- 
cal reactions  may  be  interpreted  on  the  principle  of  double  decomposi- 
ticm,  and  of  analogies  often  revealed  by  this  interpretation  which  other* 
wise  remain  unnoticed. 

Action  of  chlorine  and  chloride  of  ethyl  if|pon  cyanide  of  silver, 

ClCl+AgCy  =AgCl+CyCl. 
(e^P+AgCy  =AgCl+Cy(e,H,). 
Action  of  chlorine  and  of  chloride  of  ethyl  upon  potassa, 

(6A)ci+f}e=Kci+^^^^^}e. 

Action  of  chlorine  and  of  chloride  of  ethyl  upon  ammonia, 

H|  Cl| 

3C1C1+H  Jn  =  aj  N+3HC1. 

h)  Cl) 

*  '  Traits  de  Chlmle  Orsaniqne.'  par  Charlen  Gerhardt.    This  important  work 
Was  finished  in  1856,  a  few  days  beiore  the  death  of  the  author. 
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3(6,H,)C1  +hIn  = 
H 


N+3HCa. 


Chemists  are,  howeyer,  now  pretty  well  agreed,  that  the  principle  of 
double  decomposition  is  hy  do  means  applicable  to  all  chemkal  pro- 
cesses. In  some  of  the  subsequent  paragraphs  of  this  sketch  we  shall 
have  to  notice  a  series  of  compounds,  the  formation  and  decompoation 
of  which  must  be  represented  in  another  form. 

In  the  case  of  monatomic  radicals  it  became  neoessarj,  as  we  hsTe 
pointed  out,  to  distinguish  between  atom  and  molecule.  The  atoms  of 
ethyl,  propyl,  butyl,  &c.,  are  represented  by  the  formulas  ^J^„  ^s^r* 
64H, :  the  molecules  of  ethyl,  propyl,  and  butyl  contain  €^Hf ,  ^t^i 
=  64H,o  =  2  vol.;  ^^Uj,B^U,  =  Bfi\^  =  2  vol.;  6,H„6,H,=e,H„= 
2  vol.  Ko  such  distinction  obtains  in  the  case  of  ^atomic  i«dicaili>, 
such  as  ethylene  and  its  homolc^ues.  Here  the  atom  coincides  with 
the  molecule,  because  the  formula  O^H^  represents  not  only  the  smallesi 
quantity  capable  of  existing  in  combination,  but  also  the  smallest  quan- 
tity capable  of  existing  in  the  free  state.  The  sp.  gr.  of  ethylene  gas 
was  found  by  experiment  to  be  14  =  f,  and  the  formula  C^H^  accoid- 
ingly  corresponds  to  2  vol.*  It  is  obvious  the  principle  of  doable  de- 
composition cannot  appropriately  be  applied  to  the  formation  of  the 
bichloride,  bibromide,  and  biiodide  of  ethylene,  these  oompooods  being 
generated  simply  by  the  juxtaposition  of  the  molecules. 

6,H4  +  ClCl  =  €2H4,C1, ;  e,H^  +  BBr  =  6,H^.  Br^ 

In  considering  the  composition  and  the  properties  of  chemical  com- 
pounds, both  mineral  and  organic,  it  is  found  that  they  may  be  referred 
to  a  comparatively  small  numb^  of  substances  of  extremely  simple 
(institution,  from  which  they  are  supposed  to  arise  by  substitutiGii. 

Thus  the  hydrides  of  the  alcohol-radicals,  and  the  alocdiol-radicals 
themselves,  may  be  referred  to  the  molecule  of  hydrogoi.  We  may 
consider  hydride  of  ethyl  as  hydrogen,  one  atom  of  whidi  is  replaced 
by  ethyl.  The  introduction  of  a  second  ethyl-atom  produces  the  ethyl- 
molecule. 

Hydrogen  HE. 

Derivatives  of  Hydrogen. 
Pn'mnrv  Sccondaiy. 

HydST^Ethyl.  ^"^"t^^l"^^' 

Again  we  may  d&nve  the  chlorides  of  the  aloohol-radicals  and  of  the  add- 
radicals  from  hydrochloric  acid  HCl.     Chloride  of  ethyl  and  chloride 

*  It  is  veiy  probable  that  a  similar  coinefdenoe  of  atom  and  motecole  wfD 
nltlmately  be  recognized  by  chemists  for  several  of  the  elementary  metals. 
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of  acetjl  are  hydrochloric  acid,  the  hydrogen  of  which  is  respectivelj 
replaoed  by  ethyl  and  acetyl. 

Hydrochloric  Add.    (Chloride  of  hydrogen)      H      G. 

Deriyatives  of  Hydrochloric  Add. 

Ethyl-derivatiTe. 

Chloride  of  ethyl (^A)    Ca. 

Aoetyl-derivatiye. 
Chloride  of  acetyl  {ejEL,0)Cl 

Hydrate  of  potassium,  oxide  of  potasiiam,  alcohol,  ether,  acetic  acid, 
acetic  anhydride,  acetic  ether,  &c.,  may  be  referred  to  water,  by  assum- 
ing that  they  are  formed  by  the  substitution  of  potassium,  ethyl,  and 
acetyl  for  one  or  two  of  the  hydrogen-atoms. 


Water 


..  H }  e. 


DeriTatiyes  of  Water. 
Primary.  Secondary. 

Potassium-deriyatiyes. 
Hydrate  of  Potassium  u  [  ^<  k  i  ^'  ^^®  ^^  Potassium. 

Ethyl-deriyatiyes. 
Alcohol      (^«^»)je,       [|*H*)}^-  ^^^• 
Acetyl-deriyatiyes. 
Acetic  add     (^«^»^He.    [|«2»^He.  Acetic  Anhydride. 

Eithyl-^aodtyl-deriyatiye. 
(4^e)}^-    -^^^^^c  Ether. 

Again,  a  numerous  group  of  bodies  may  be  referred  to  ammonia : 
ethylamine,  biethylamine,  triethylamine  may  be  quoted  as  substances 
deriyed  from  ammonia  by  the  substitution  of  1,  2,  or  3  ethyl-atoms 
for  1,  2,  or  3  of  the  hydi^ogen-atoms. 

H 
Ammonia  .     •     H  ^  N. 
H 
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DeriTatives  of  Ammonia. 
Pnmary.  Seoondary.  Tertiary. 


H 
H 


N.  (e.H.)fN.  (e^, 

H     I  (^ 


An. 


Hydrogen^  hydrochloric  acid,  water ,  and  ammonia,  aooordinglj,  may- 
be considered  as  types,  to  which  a  very  exteasire  nombef  of  chiemical 
oompoands  may  be  referred. 

There  are,  however,  a  great  many  sabstaoces  which  do  not  admit  of 
being  ranged  mider  the  above  types,  unless  we  make  the  additjanal 
assmnption,  that,  under  particular  circumstances,  two,  three,  or  even 
more  molecules  of  hydn^n,  of  hydrochloric  acid,  of  water,  or  of 
ammonia,  may  be  condensed  into  new  molecules,  which,  notwithstand- 
ing the  accumulation  of  matter  in  them,  still  occupy,  in  the  state  of 
vapour,  the  same  space  which  we  have  reo(^nized  as  cfaaracterlstie 
of  the  original  molecules,  viz.  2  volumes.  This  oondensatiaii  takes 
place  under  the  influence  of  groups  of  elements  which  are  capable  of 
replacing  more  than  1  atom  of  hydrogen. 

In  io(Ude  of  ethyl  O^H^I,  the  group  €jHj  is  milted  with  one  atom 
of  iodine:  and  since  this  substance  exhibits,  in  many  respects,  the 
character  of  hydriodic  acid,  we  have  referred  it  to  the  hydrochloric 
acid  type.  When  this  substance  acts  under  favourable  circumstances 
upon  water,  1  or  2  atoms  of  hydrogen  in  the  molecule  of  the  water  are 
replaced  by  ethyl,  ethylic  alcohol  or  ethylic  ether  being  formed,  with 
elimination  of  one  or  two  molecules  of  hydiiodic  add. 

H}e+2[(eA)i]=  Jg;j}^+2HL 

The  action  of  iodide  of  ethyl  upon  ammonia  gives  rise  to  the  forma- 
tion of  the  three  ethylated  ammonias,  which  are  formed,  as  has  been 
already  stated,  by  the  substitution  of  ethyl  for  1,  2,  or  3  hydrogen- 
atoms  in  ammonia. 

(«.H.)) 

•N+  (e,H,)i  =    H  |n+  hi, 
H)  (eA)) 

H}N+2[(eA)q  =(6A)>N+2HI. 
HJ  H  J 

HI  (6^)1 

Hj  <^Ti,)\ 
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In  hydriodic  ether,  in  alcohol,  in  ether,  and  in  the  ethylated  ammonias 
the  group  B^R^  invariahlj  replaces  1  atom  of  hjdro^n,  and,  accord- 
ingly, a  monatomic  character  is  ascribed  to  ethyl. 

On  the  other  hand,  the  group  62H4,  olefiant  gas,  or  ethylene,  is  found 
to  unite  with  2  atoms  of  chlorine,  bromine,  and  iodine,  the  compounds 
(^^H^'jClgjf  6aH^)Brg  and  (6^H4)l2  being  formed.  These  substances  imi- 
tate in  many  respects  the  deportment  of  iodide  of  ethyl,  or  hydriodic  acid, 
and  they  may  be  assumed  to  be  derived  from  two  molecules  of  hydro- 
chloric, hydrobromic,  and  hydroiodic  acid,  in  which  the  two  atoms 
of  hydrogen  are  replaced  by  the  group  62H4 

2  Molecules  of  hydro-    H\C1     /an  ^l^  Bichloride  of  ethy- 
chloricacid  H/Cl      ^^«"*>'/a  lene. 

The  two  molecules  of  hydrochloric  acid  are  held  together  by  the 
insertion  of  the  group  6«H^  into  the  place  of  the  two  atoms  of  hydro- 
gen, and  during  this  insertion  the  volume  of  the  two  molecules  of 
hydrochloric  acid,  which  was  originally  2  -f  2  =  4  volumes,  has 
shrunk  to  j^,  t.  «.  to  2  volumes,  the  molecule  (6SH4)  Br,  occupying  in 
the  state  of  vapour  a  space  not  greater  than  that  occupied  by  1  mole- 
cule of  hydrochloric  acid. 

Groups  of  elements  which  are  capable  of  replacing  2  atoms  of  hydix>- 
gen,  and  of  linking,  by  such  replacement,  two  molecules  of  a  type,  are 
called  biatomic,  and  may  be  distinguished  from  the  monatomic  groups 
by  placing  two  dashes  on  the  right-hand  side  of  the  formulae,  a  con- 
venient mode  of  notation  which  was  first  su^ested  by  Dr.  Odling. 
The  formula  (62H4)''  indicates  that  ethylene  is  capable  of  replacing 
2  atoms  of  hydrogen. 

Bichloride  of  ethylene,  under  favourable  circumstances,  acts  upon 
water :  the  molecule  of  water  contains  two  atoms  of  hydrogen.  This 
action  must  give  rise  to  the  formation  of  a  compound  in  which  these 
two  hydrogen-atoms  are  replaced  by  ethylene. 

^  Je+ (e,H4)"cia= (6^4)"  }e +2HC1. 

The  compound  (OjH^)"^  oxide  of  ethylene,  or  ethylenic  ether,  is  thus 
derived  firom  one  molecule  of  water,  the  hydrogen  of  which  is  replaced 
by  ethylene.  But  bichloride  of  ethylene  is  capable  of  acting  upon  two 
molecules  of  water,  and  of  linking  them  together,  by  replacing  1  atom 
of  hydrogen  in  the  one  molecule,  and  1  atom  of  hydrogen  in  the  other. 
In  this  manner  ethylene-alcohol  or  glycol  is  formed. 

^lo  HI 

H,     +(e,H4)"ci,= (e,H4)"  [e.+2Hci. 
hJO  h    j 

Ethylene-alcohol  is  derived  from  2  molecules  of  water  held  together 
by  the  insertion  of  the  group  OgH^  into  the  place  of  2  atoms  of  hy- 
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drogen ;  bat  this  insertion  has  been  attended  by  a  dimimitioD  of  the 
original  volume  of  the  two  molecules  of  water  in  the  state  of  Tspoor. 
This  ydmne  was  2  +  2  =  4;  daring  the  formation  of  the  ethjlflae- 
aloohol,  ihla  bulk  was  diminished  to  one  half,  and  the  new  oompoiind 
i^ooordingly,  notwithstanding  its  origin,  occupies  in  the  state  of  rapoor 
not  more  q^ace  than  1  molecule  of  hydrochloric  add,  or  1  moleciue  of 
water. 

A  perfectlj  similar  result  is  observed  in  the  reaction  betwooi  hi- 
chloride  of  ethylene  and  ammonia.  In  this  action  two  molecolea  of 
ammonia  are  linked  together  by  the  insertion  of  1,  2,  &c.,  eth  jIcbc  into 
the  place  of  2,  4,  &g,,  of  the  hydrogen-atoms,  distribixted  in  the  two 
molecules. 


H 
H 


+ (eA)"ca,= (e,H,)" }  n,+2Hcl 

H 
H 


H 


H 


New  substances,  ethylene-biamine,  biethylene-biamine,  itc^  are  thos 
formed,  which  are  derived  from  2  molecules  of  anmionia.  llieae  oom- 
pounds  in  the  state  of  vapour  occupy  the  volume  of  1  molecule  of 
ammonia  s  2  volumes. 

Far  less  frequently  than  biatomic  radicals,  groups  of  elements  are 
met  with,  which  are  capable  of  replacing  3  atoms  of  hydrogen.  Sodk 
a  group  is,  for  instance,  the  radical  glycyl,  which  is  assumed  to  enA 
in  glycerin.  The  deportment  of  glycerin  renders  it  probable  that 
this  body  is  derived  from  three  molecules  of  water,  whidi  are  Imked 
together  by  the  triatomic  radical  (fifii)'". 

Water.  Glycerin. 

HH  1  O  HI 


■ 


HH }  e       (6,H,)"'  H}  e^ 
HH}e  r 

The  doctrine  of  polyatomic  radicals,  originally  developed  in  the  de- 
partment of  organic  chemistry,  is  equally  applicable  to  mineral  sub- 
stances. 

Thus  sulphuric  add  may  be  referred  to  2  molecules  of  water  in 
which  two  hydrogen^toms  are  replaced  by  the  biatomic  radical 
sulphuryl  (SeO". 
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2  Mol.  of  water,  ^«|e,    =    (SOj)"  U,   1  Mol.  of  sulphuric  acid. 

Phosphoric  acid  may  be  referred  to  3  molecules  of  water,  in  which 
three  atoms  of  hydrogen  are  replaced  by  the  triatomic  radical  phos- 
phoryl  (P0)". 

o  u  1     ^      X       H.Y^         H.     l/^^      1  MoL  of  tribasic  phos- 
3Mol.ofwater.jj||0,    (p^'y.je.  phoricadi 

The  classification  of  chemical  substances  under  the  head  of  the 
aboTe^mentioned  types  has  not  directly  emanated  from  the  adoption 
of  Gerhardt's  equivalents  and  system  of  notation  ;  but  it  cannot  be 
denied  that  this  system  has  eminently  assisted  the  elaboration  of  this 
classification,  and  that  the  mode  of  deriyation  becomes,  especially  in 
the  case  of  the  bodies  derived  from  water,  much  more  intelligible  and 
conspicuous,  if  the  typical  bodies  and  their  derivatives  be  expressed  in 
the  new  system. 

The  classification  of  chemical  substances  under  types,  is  lilce  every 
other  classification,  an  attempt  to  collect,  under  a  general  point  of  view, 
the  endless  number  of  bodies  scattered  over  the  fidd  of  chemistry,  and 
to  fiKslitate  their  study  by  arranging  them  in  such  a  manner  as  to  bring 
out  their  analogy  of  composition  and  properties.  The  basis  on  which 
the  typical  dassification  rests,  though  in  a  measure  conventional,  is 
foundnl  on  nature,  and  has,  notwithstanding  numerous  modifications 
of  the  superstructure,  hitherto  remained  unshaken.  Whatever  ulti- 
mate form  the  theory  of  types  may  assume,  it  appears  to  possess  in  a 
hig^  degree  the  essential  character  of  a  good  theory;  it  has  proved  sug- 
gestive, and,  whilst  expanding  by  its  suggestions  the  field  of  inquiry, 
is  capable  of  growing  with  the  growth  of  science. 

In  the  preceding  paragraphs  we  have  endeavoured  to  sketch  the 
tiieory  of  types,  such  as  it  was  originally  conceived  by  Gerhardt,  when 
he  first  attempted  to  classify  the  vast  collection  of  results  accumulated 
by  the  numerous  researches  of  his  contemporaries.  Nearly  ten  years 
have  now  elapsed  since  that  time,  and  several  more  or  less  important 
modifications  of  his  ideas  have  suggested  themselves.  Gerhardt,  as  we 
have  pointed  out,  adopted  four  types — ^the  hydrogen  type,  the  hydro- 
chloric add  type,  the  water  type,  and  the  ammonia  type.  Many 
chemists  are  inclined  to  add  a  fifth  type,  namely,  the  marsh-gas  type^  to 
which  a  small  but  increasing  class  of  bodies  may  be  referred,  in  which 
4  atoms  of  hydrogen,  or  of  hydrogen-replacing  radicals,  are  united  with 
1  atom  of  carbon,  silidum,  tin,  &c.  This  is  a  useful,  but  not  absolutely 
necessary  addition.  Other  chemists,  again,  have  found  it  convenient  to 
suppress  the  hydrochloric  acid  type,  referring  hydrochloric  acid,  and 
the  substances  hitherto  classified  under  it,  directly  to  the  hydrogen 
type  itself.  We  are  not  inclined  to  follow  their  exjimple,  for  the  con- 
siderations which  suggested  this  suppression  are  in  a  measure  applicable 
also  to  the  water,  ammonia,  and  marsh-gas  types. 
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The  theory  of  types  has  its  foandation  in  the  study  of  tlie 
of  suhstitatioD.  With  the  recognition  of  the  fact  that  both  simpk  and 
compound  atoms  are  by  no  means  always  endowed  with  the  same  saK> 
stitation-power,  it  became  necessary  to  adopt  a  convenient  nNKsore  Ua 
ihese  different  substitution-powers.  Such  a  meesore  was  fbimd  in 
hydrogen,  and  this  element,  which  by  general  oNiseDt  bad  become 
already  a  standard  for  the  comparison  of  the  weights  of  atoms,  and  of 
the  specific  gravities  of  elements  and  compounds,  when  in  the  state  of 
gas  or  vapour,  now  became,  moreover,  the  standard  for  the  comparison 
of  their  relative  substitution-powers,  of  their  equivalencies.  The  aftcai 
of  chlorine,  when  entering  by  substitution  into  a  hydrogen-oompooDd, 
displaces  1  atom  of  hydi-t^en,  and  accordingly  we  consider  the  atom  of 
chlorine  to  be  a  monequivalentic  atom.  The  atom  of  oxygen  replaces 
2  atoms  of  hydrogen,  the  atom  of  nitrogen  3,  and,  lastly,  the  atom  of 
carbon  4  atoms  of  hydrogen  ;  and  in  a  similar  manner  we  look  npoa 
the  atoms  of  oxygen,  nitrogen,  and  carbon  respectively  as  bi-  tri-  and 
tetrequivalentic  atoms.  Now  exactly  as  we  may  consider  hydrochloric 
acid  as  derived  from  1  mol.  of  hydrogen  by  the  substitution  of  1  chlo- 
rine atom  for  1  hydrogen  atom, 

1  Mol.  of  hydrogen,  H  }H  H  }C1'  1  Mol.  of  hydrochloric  acid, 

we  may  consider  water  as  derived  from  2  mol.  of  hydrogen,  in  which 

2  atoms  of  hydrog^i  are  replaced  by  the  biequivalentic  atnn  of  oxygen  : 

2  Mol.  of  hydrogen  ^\^  ]||e"  1  Mol.  of  water. 

And  in  a  similar  manner  ammonia  and  marsh-gas  may  be  r^rred  to 

3  mol.  and  4  mol.  of  hydrogen,  in  which  3  and  4  atoms  are  replaced 
respectively  by  the  tiiequivalentic  atom  of  nitrogen,  or  the  tetrequiva- 
lentic atom  of  carbon ; 

HIH  HI 

3  Mol.  of  hydrogen  h|h  h|n"'  1  Md.  of  ammonia. 

h)h         H) 
mn  Hj 

4  Mol.  of  hydrogen  ^  Ig  g  |c""  1  Mol.  of  marah-gaa. 

HJH  hJ 

Substances  derived  from  water,  ammonia,  and  marsh-gas  might  in 
the  last  instance  be  referred  to  the  double,  ti^bie,  and  qofulruple  mole- 
cule of  hydrogen. 

Another  modification  of  Gerhardt's  oiiginal  types  are  the  conjugate 
or  mixed  types  of  M.  Kekule. 

In  one  of  the  preceding  paragraphs  it  has  been  pointed  out  that  two 
or  more  molecules  of  the  typical  compounds  may  be  linked  together  by 
the  introduction  of  biequivalentic  or  polyequivalentic  atoms,  elementanr 
or  compound. 
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The  SQbstitation  of  biequivalentic  ethylene  for  2  atoms  of  hydrogen 
in  2  mol.  of  hydrochloric  acid,  gives  lise  to  the  formation  of  1  mol.  of 
bichloride  of  ethyiene.- 

Again,  its  substitution  for  2  atoms  of  hydrogen  in  2  mol.  of  water, 
or  2  moi.  of  ammonia  produces  ethylene-aicohol  and  ethylene-biamine 
(see  pp.  757  and  758). 

In  a  perfectly  similar  manner  we  may  conceive  2  or  more  molecules 
of  different  typical  compounds  dovetailed  together  by  the  insertion  of 
biequivalentic  or  polyequivalentic  radicals.  The  substitution  of  biequi- 
Talentic  ethylene  ibr  2  atoms  of  hydrogen  (one  in  the  hydrochloric  acid 
molecule,  the  other  in  the  water  molecule)  produces  the  first  hydro- 
chloric ether  of  glycol : 

1  Mol.  of  hydrochloric  acid  H }  CI        (6^4)"  }  a 

IM.I.  of  water  ^JO  H     }e  ^  "j^;,^^^-; 

col  ether. 

Or,  1  mol.  of  water  may  be  joined  to  1  mol.  of  ammonia,  by  the  inser- 
tion of  biequivalentic  ethylene  for  2  atoms  of  hydrogen  (the  one  in  the 
water-molecule,  the  other  in  the  ammonia-molecule) : 


1  Mol.  of  water        tt 


(6^0       1  Mol.  of 


monethylene-omine. 

1  Mol.  of  ammonia  hIn         HiN 

H)  HJ 

These  considerations  suggest  the  assumption  of  a  very  extensive 
series  of  conjugate  or  mixed  types,  such  as  a  hydrogen-hydrwMyric 
acid,  a  hydrogen-water  and  a  hydrogen-arrmumiO'typef  a  hydrochloric 
add-voater  and  hydiochhnc  odd-ammonia  type  ;  lastly,  a  \Dater-<xmmO' 
niatype. 

The  conjugate  or  mixed  types,  it  is  obvious,  must  be  assumed  also 
in  their  several  multiple  foims.  An  additional  element  of  complication 
presents  itself  in  the  possibility  of  m  molecules  of  one  typical  com- 
pound, being  linked  together  with  n  molecules  of  the  other,  so  that  the 
number  of  conjugate  or  mixed  ty^ies  becomes  ^eiy  great  indeed. 

It  must  not  remain  unnoticed  that  the  constitution  of  the  substances 
referred  to  these  conjugated  types  may  in  most  cases  be  differently  and 
often  more  simply  interpreted. 

The  monochlorhydric  glycol-ether  may  be  viewed  as  the 

Chloride  of  the  radical  (e^H^e) 

eAeci=    ^^^*^"|e  =  (^Ae)}ci. 

Monethyleneamine  as  ammonia  in  which  1  atom  of  hydrogen  is  re- 
placed by  the  same  radical : 
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eji^e  = 


(e,H,)-}^  _ 


H 
H 


N 


We  finnriiKi<»  this  sketch  with  a  synopsis  of  the  mora  impottsat 
groups  of  sobstanoes,  both  xnineRd  and  organic,  whidi  naj  be  daasi* 
oed  under  the  foUovii^  types: — 


Simple  Mol. 
H}H. 

Simple  Mol. 

H}a 

Smple  Mol. 


Simple  MoL 
H 


Hydrogen  Type. 
DooUe  Md.         Treble  MoL        MnlUple  Mol. 
H, }  Hf.  H,  }  H^  Hn  } 

Hydrochloric  Add  Type. 
Doable  Mol.  Treble  Mol. 


Water  Type. 
Double  Mol.  Treble  MoL 

£}♦..       £}♦.. 

AnmuNiia  Type. 
Double  MoL         Treble  MoL 
H.)  H. 


fd 


^ 
^ 


Manh-gas  Type. 
DooUe  MoL  Treble  MoL 

Ik    ik 

H.J  H.J 


MultiDle  HoL 
HnjCln. 

Multiple  Hoi. 


Maltiple  Hoi. 
Ha) 

Hn 


HYDROGEN  TYPE. 

Smple  Molecule. 
H}H. 

This  group  embraces  (1)  the  monaiomic  metals,  simple  and  oank> 
pound ;  (2)  the  monaiomic  add-radlcals,  simple  and  compomid ;  (3) 
the  monaiomic  alcohol*radicals,  pure  and  mixed;  (4)  the  hydrides 
of  the  monaiomic  alcohol-radicals ;  (5)  aldehydes  of  monatomic  acids ; 
(6)  acetones  of  monatomic  acids;  (7)  the  radicals  of  the  ^JMiMnir 
alcohols. 
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1.  Monatomic  Metals. 

Potassimn.  Sodium.  Silver. 

K  }  K.  Na  }  Na.  Ag  }  Ag. 

2.  Monatomic  Add-radicals,  Simple  and  Compomid. 

Chlorine.  Bromine.  Cyanogen. 

CI  }  a.  Br  }  Br.  (ON)  }  (ON). 

3.  Monatomic  Alcohol-radicaU. 

a.  Pure. 

Methyl-methyl.  Ethyl-ethyl.  Amyl-amyl. 

(BH.)  }  (6H,).  (€,H.)  }  (6^,).         (e,Hu)  }  (6.H„). 

b.  Mixed. 

Ethyl-butyl.  Ethyl-amyl.  Butyl-amyl. 

(^A)  { (^A).      (e^) }  (e,H„).        (6A)  }  (e^iO. 

4.  Hydrides  of  the  Monatomic  Alcohol-radicals. 

Hydride  of  Ethyl.         Hydride  of  Propyl.       Hydride  of  Amyl. 

H}(6A).  HJ(e3H,).  HKe^Hj,). 

5.  Aldehydes  of  Monatomic  Acids.* 
Acetic  Aldehyde.         ButyUc  Aldehyde.         Benzoic  Aldehyde. 

E }  (e^e).         H }  (€,H,e>  h  j  (e,H,e). 

6.  Acetones  of  Monatomic  Acids. 

Acetic  Acetone.  Butylone.  Benzone. 

(€H,)  }  (€,H,e).      («,H,) }  (e,H,0).        (©A)  J  «A^). 

7.  Badicals  of  the  Biatomic  Alcohols. 
Ethylene.  Propylene.  Amylene. 

(«^.y'  (^H,)"  (e.H,.)" 

Double  Molecule. 

The  principal  members  of  this  group  are — (1^  the  biatomic  metals; 

f2)   the    biatomic  non-metallic    elements;  (3)  many  compounds  of 
biatomic)  metals  with  monatomic  alcohol-radicals. 

1.  Biatomic  Metals, 

Platinum.  Iridium. 

Pt"  }  Pt."  Ir"  }  Ir." 

*  The  constitution  of  these  bodies  is  not  flilly  made  out,  aad  the  opinions 
Tegarding  their  oonstitation  remain  divided.  Some  chemists  are  Incltned  to 
refer  them  to  the  water-type  (see  p.  770). 
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2.  Biatomic  non-metallic  Elements. 
Oxywai,  Sulphur.  Sdenimn. 

e''^fe",  6"  J  9".  6e"}6e.- 

3.  Compounds  of  (biatomic?)  Metals  witli  Manatotiiic  Alooliol- 

radicals. 

Zinc-methyl.  Zinc-ethyL  Mercuric  ethyl. 

(Zn^"|[|i;j  (Z^'ISK  CHfe)"{;^i 

Treble  Molecule. 

This  group  includes  the  triatomic  metals  and  triatomic  noD-melallk 

elements. 

Triatomic  Metals. 

Bismuth.  Gold.  Alumittinm. 

Bi"'  }  Bi'"  Au"'  }  Au'".  (Al,)"'  }  (Al,)*". 

Triatomic  non-metallic  Elements. 

Nitrogen.  Phosphorus.  Arsenic. 

N'"  }  N'".  P'"  }  P'".  As"'  }  Aa'". 


HYDROCHLORIC  ACID  TYPE. 
Simple  Molecule. 

This  type  is  numerously  represented,  the  principal  daaaes  belooginf 
to  it  being — (1)  the  hydrogen-compounds  of  monatomic  elements  or 
radicals  anal<^us  to  chlorine;  (2)  the  chlorides  (bromides,  iodides, 
fluorides  and  cyanides)  of  the  monatomic  metals,  (a)  simple,  and 
(6)  compound ;  (3)  chlorides  (bromides,  &c),  of  the  monatomic  alco- 
hol-radicals ;  (4)  chlorides,  (&c.),  (a)  of  the  monatomic  add  zadicals, 
(6)  of  monatomic  cyanogen. 

1.  Hydrogen-compounds  of  Monatomic  Elem^ts  and  Radicals 

analogous  to  Chlorine. 

Hydrobromic  Acid.  Hydriodic  Acid.  Hydrocyanic  Add. 

H  }  Br.  H  }  I.  H  }  (6N) 

2.  Chlorides,  &c.,  of  the  Monatomic  Metals. 

a.  Of  Simple  Metals. 

Chloride  of  Potassium.     Bromide  of  Sodium.         Iodide  of  SilTer. 
K  }  a  Na  }  Br.  Ag  }  I. 

Cyanide  of  Silver, 
Ag  1  (6N). 


obbhabdt's  equivalents  and  notation.         765 

h.  Of  Compouod  Metals. 

Chloride  of  Iodide  of  Chloride  of 

Ammoniam.  PhoephoDimn.  Ethyl-ammonimn. 

(H,N)  }  a  (H,P)  }  I.  [(e,H.)HaN]  {  CL 

Chloride  of  Chloride  of  Chloride  of 

Siethyl-ammonitim.       Triethylammonimn.     Tetrethylammonium. 

KeA) AN]  I  a     [(eA).HN] }  a      [(e,H,),N] }  a 

Chloride  of  Chloride  of 

Methyl-ethyl-amyl-phenjl-  Tetnunethyl-phospho- 

ammonimn.  ninm. 

C(«H,)(eA)(«.H„)(6.H.)N]  }  CL  [(SH,),?] }  O. 

Iodide  of  Teirethyl-anooiam.        Iodide  of  Tetxethjl-stibonionu 
[(6A)4A»]  }  I.  [C(^.).Sb]  }  I. 

3.  Chlorides,  etc.  of  the  Monatomic  Alcohol-radicals. 

Chloride  of  Methyl        Bromide  of  Ethyl.  Iodide  of  Amyl. 

(eH.)  }  CL  (e,H,)  }  Br.  (e,H„)  }  I. 

4.  Chlorides,  etc.  of  the  (a)  Monatomic  Acid-radicals. 

Chloride  of  Acetyl.       Chloride  of  Butyryl     Chloride  of  Benzoyl. 
(OA^)  }  a.  {^fi,^)  ]  CL  (erH.^)  }  CL 

(6.)  Chlorides,  etc  of  Monatomic  Cyanogen. 

Chloride  of  Cyanogen.  Bromide  of  Cyanogen.     Iodide  of  Cyanogen. 
(6N)  }  a  (6N)  }  Br.  (6N)  }  I. 

Donble  Molecule. 
H,}©,. 

To  is  group  embraces — (1)  the  bibasic  acids  of  elementary  and 
compoond  radicals  analogous  to  chlorine;  (2)  the  chlorides  (bromides, 
iodides,  fluorides,  and  cyanides)  of  the  biatomic  metals,  (a)  simple,  and 

S&)  oompound ;  (3)  the  chlorides,  (&c.)  of  the  biatomic  alcohol-iadicals ; 
4)  the  chlorides,  (&c.)  of  the  biatomic  acid-radicals;  (5)  chlorides, 
(&Q.)  of  biatomic  cyanogen. 

(1.)  Bibasic  Acids  of  Radicals  analogous  to  Chlorine,  and  their 

SalU. 

Hydroferrocyanic  Acid.  Ferrocyanide  of  Potassium. 

H,}[Fe(6N),]".  K,  }  [Fe(6N)J". 

Ferrocyanide  of  Silver    Ag,  }  [Fe(6N)8]". 
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(2.)  Chlorides,  etc.  of  Biatamic  Hcftals. 
(a)  Of  Simple  Metals. 

Bichloride  of  Plstixniin.  Bibromide  of  PlatiDiim.   Bidiloride  of  IzidiaDL 
Pt"  }  Ca,  Pt"  }  Br^  It"  }  Cl^ 

6.  Of  Compound  Metals. 

Bichloride  of  Bichloride  of  Bicbloride  of 

Ethylene-biam-  Biethjlene-biammo-        Ethylene-bexethyl- 

monium.  nium.  biammooiizni. 

[(^,)"H^ J'  }Ca.{(6A)."H4N J"  }CI,.[(€^«)"(6|H.).N J"  }  O^ 

Bichloride  of  Ethylene^hezmethyl-    Bichloride  of  Etfayiene^icxetlijl- 
biphosphoDium.  biaisonium. 

Bichloride  of  Ethylene-hexethyl-phoepharsoitiam. 

[(e,H«)"(e^,)^Asj'^}  cv 

3.  Chlorides  of  Biatomic  Alcohol-radicals 

Bichloride  of  Bichloride  o£  Bichloride  of 

Ethylene.  Propjleue.  Amyloie. 

(e,H,)" }  <a^         (e.H.)" }  a..        (6.h.,)"  }  a^ 

4.  Chlorides  of  Biatomic  Acid-radicals. 

Bichloride  of  Bichloride  of  Bichloride  of 

Carbonyl.  Sulphuryl.  Succmjl. 

{my  ]  a,  (se,)"  j  a,        («Ae,)'' }  a^ 

6«  Chloride  of  Biatomic  Cyanc^en. 

[(6N)  J" }  a. 

Treble  Molecnle. 

The  following  representatiyes  may  be  distinguished.  (1)  Tmbasic 
acids  of  radicals  analogous  to  chlorine;  (2)  chlorides,  (&c.),  of 
triatomic  metals,  (a)  simple, and  (6)  compound;  (3)  chlorides  of  tri- 
atomic  alcohol-radicals;  (4)  chlorides  of  triatomic  add-radicak ; 
(5)  chloride  of  triatomic  cyanogen. 

1.  Tribasic  Adds  and  Salts  of  Radicals  analogous  to  Chlorine. 

Hydroferricyanic  Ferricyanide  of  Cobelticyanlde  of 

Acid.  Pota&sium.  Silver. 

^,  }  [Fe,(eN)J"  K.  ]  [Fei,(eN)J".     A&}[Co.(6N)J 


»U 
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2.  Chlorides  of  Triatomic  Metals. 

a.  Of  Simple  Metals. 

Trichloride  of  Trichloride  of  Setquichloride  of 

Bismuth.  Gold.  Alominiimi. 

Bi"' }  a,.  Au'" }  cOs.  (Ai,)'"  { a,. 

6.  Of  Compound  Metals. 

Trichloride  of  biethylene-triam-         Trichloride  of  biethylene- 
monium.  triethyl-triammonium. 

[(6iH,)."H.N  J"  }  a,  [(e.HO/(«A)  AN  J" }  o,. 

Trichloride  of  formjl-nonethyl-triphosphonium. 

[(eH)'"ce^.),pj" }  a,. 

3.  Chlorides  of  Triatomic  Alcohol-radicals. 

Tribromide  of  Triatomic  Allyl  (Glycyl). 
(«,H.)"' }  Br^ 

4.  Chlorides  of  Triatomic  Acid-radicals. 

Trichloride  of  Trichloride  of  Trichloride  of 

Phosphorus.  Ai-senic.  Antimony. 

p'"  { d,.  As'" }  CI,.  sv" }  a,. 

Trichloride  of 
Trichloride  of  Trichloride  of  Chlorophosphoryl. 

Photfphoryl.  Sulphophosphoryl.  (Pentachloride  of 

Phosphorus.) 
(Pe)'"  \  CI,.  (PS)'"  }  CI,.  (PCI,)"' }  d,. 

5.  Trichloride  of  Triatomic  CyaDogeo. 


TYPE  WATER. 
Simple  Molecule. 

The  group  of  chemical  compounds  which  may  be  derived  from  the 
simple  molecule  of  water  is  very  numerous :  the  following  are  the 
principal  terms  belonging  to  this  group,  f  1)  Metallic  derivaiiyes  of 
water;  (2)  the  monatomic  alcohols  and  their  derivatiyes ;  (3)  the 
aldehydes  and  acetones;  (A)  the  monobasic  acids  and  their  deriya- 
tiyes ;  (5)  the  ethers  of  tne  biatomic  alcohols ;  (6)  the  anhydrides 
of  bibasic  acids. 
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1.  Metallic  Derivatiyes  of  Water. 

a.  Hydrates  of  the  Simple  Monatomic  Hetala. 
Hydrate  of  PotassimD.      Hydrate  of  Sodium.        Hydrate  of  ^vcr. 


b.  Oxides  of  Simple  Metals. 

Oxide  of  Potassiom.         Oxide  of  Sodium.  Oxide  of  SxItct. 

K)a  Na 

K 


:}*•  n:}<^  If}*- 


c.  Solphhydrates  of  Simple  Metals. 

Sulphhydrate  of  Sulphhydrate  of  Selenhjrdrate  of 

Potassium.  Sodium.  Sodium. 

i}e.  S1«-  l'\^ 

d.  Sulphides  of  Simple  Metals. 
Sulphide  of  Potassium.     Sulphide  of  Sodium.        Sulphide  of  SQtv. 

I}8-  S:h.         His- 

e.  Hydrates  of  Compound  Metals. 

Hydrate  of  Hydrate  of  Hydrate  of 

Ammonium.  Ethyl-ammonium.         Biethyl*«mmoDiam. 

Hydrate  of  Tri-   Hydrate  of  Tetre-      Hydrate  of  Methyl-ethyl-amyl- 
ethyl<«mmonium.  thyl-ammonium.  phenyl-ammonium. 

[(e,H.),HN]u  [(«^,).K]u  [(eH,)(^H,xe.H,0(«.H.)iqu 

Hydrate  of  Hydrate  of  Hydrate  of 

Tetramethyl-phos-        Tetrethyl-phospho-  Tetrethyl-stibo- 

phonium.  nium.  nimn. 

[(e^)4P]U.         [(e.H.)«P]u         C(6.H^).sb]u 

Oxides  of  Simple  Biatoriiic  Metals. 

Oxide  of  Platinum.  Oxide  of  Iridium. 

Pt"  }  e.  Ir-  }  0. 

Sulphides  of  Simple  Biatomic  Metals. 
Sulphide  of  Platinum.  Sulphide  of  Iridium. 

pt" }  a  ir* }  a 
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Oxides  of  Compound  Biatomic  Metals. 
Oxide  of  Triethvlphosphine.  Oxide  of  Triethylstibine. 

[(«.H.).P]"  }  «.  [(€A).Sb]'''.}  «. 

Sulphides  of  Compound  Biatomic  Metals. 
Sulphide  of  Triethvlphoephine,  Sulphide  of  Triethylanine. 

•  [(«A).Pr  }  S.  [(«A).A»]"  }  8- 

2.  Monatomio  Alcohols  and  their  Deriyatives, 
a.  AlcohoU. 

m.  Alcohols  of  the  Ethyl-dass, 
(^attj  Alcohols.) 
Methylic  Alcohol.  Kthylic  Alcohol.  Amylic  Alcohol. 

(6H.)j^_  .    ^^'Y  ^^'|">. 

fi.  Alcohols  of  the  Benzyl-class. 

(Aromatic  Alcohols.) 

Benzylic  Alcohol.  Cumylic  Alcohol. 

(e,H,)u  («..Hu)' 


jo.  («»^»)jf«. 


y.  Alcohols  of  the  Phenyl-dass. 
Phenylic  Alcohol.  Cresylic  AlcohoL 

).  Alcohols  of  the  AUyl-dass,  fatty  and  aromatic 
Allylio  Alcohol.  Cinnamic  Alcohol. 

f.  Sulphuretted  Alcohols. 

Sulphuretted  Methylic  Alcohol.       Sulphuretted  Ethylic  Alcohol* 
(Methyl-mercaptan.)  (Ethyl-mercaptan.) 

m.y  (e.H.)|a 

Sulphuretted  Allylic  Alcohol. 
(Allyl-mercaptan.) 
(6.H.)  J9. 

5.  Metallic  Deriyatiyes  of  the  Alcohols. 

Hethylate  of  Ethykte  of  Amylate  of 

Potassium.  Potassium.  Sodium. 

(«H.)je.  («*H.)|^.  (e.H„)|^ 

3d 
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Salphnretted 

Methvlate  of 

Mercury. 

(Methyl-iDefcaptide 

of  Mercurj.) 


SolphiiTetted 

Ethylate  of 

Potassiam. 

(Etbyl-inercaptide  of 

Potassium.) 


K 


Snlphurettai 

AUylateof 

Mercury. 

(Allyl-mercaptide  d 

Mercury.) 


Methylic  Ether. 
(6H, 
(6H, 


Methyl-amylic 
Ether. 


c.  Ethers. 

m.  Simple  Ethers, 
Ethylic  Ether. 

$.  Mixed  Ethers. 

EUiyl-amylio 
Ether. 

y.  Sulphuretted  Ethera. 

Sulphuretted 
Ethylic  Ether. 


Allylic  Ether, 

{e.Hs)r- 


Ethyl^ylie 
Ether. 

Ce,H.)u 


Sulphuretted 
Methylic  .Ether. 

(«H.)r- 

3.  The  Aldehydes  and  Aoetanes.  * 

Acetic  Aldehyde. 

Butylic  Aldehyde. ' 


Sulphuretted 
Allylic  Ether 
(Garlic  OU). 


^>^»"»%  C€.H,))g 


Y 


Aldehyde  par  excel- 
lence. 

(«A) 

H 

Acetic  Acetone.  Acetone 
pear  excellence^ 

m^  ■ 


yd<Hic  Aldehyde. 


Butylic  Acetone 
(Butylone.) 

(«.H,)r* 


(e^.) 


)•• 


Valeric  Acetone 
(Valerone.) 

(«.H,)r- 


4.  Monobasic  Acids  and  thdr  DeriratiTes. 
a.  Mineral  Acids. 
Nitric  Add.  Chloric  Add.  Metaphospboric  Add. 


(P^.) 


)•• 
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Kitrate  of 
Silver. 


Chlorate  of 
Potassimn. 


Metaphosphate  of 
Sodium. 

*      Na  r^ 


h.  Organic  Acids; 

«•  Adds  of  the  Cyanogen-group. 
Cyanic  Acid.  Cyanate  of  Potasdmn« 


'}e. 


K 


].. 


fi 

.  Adds  of  the  Acetic  Class. . 

Formic  Acid. 

(Fatty  Adds.) 
Acetic  Add.                Valeric  Acid. 

Forniate  of  Sodium. 

Acetate  of  Potassium.       Valerate  of  Silver. 

y« 

Adds  of  the  Benzoic  Class. 

Benzoic  Acid. 

(Aromatic  Acids.) 

Toluic  Add.                 Cumic  Acid. 

Benzoate  of 
Potassium. 

(W)|^^ 

Toluate  of                      Cumate  of 
Silver.                           Sodium. 

Ag  r'            Na  r- 

J. 

t 

Adds  of  the  Acrylic  Class. 

Acrylic  Acid.                          Cinnamic  Acid. 

Acrylate  of  Potassinm.                 Cinoamate  of  Silver. 
K      j    •                                Ag    / 

i.  Sulphuretted  Acids. 

Thiacetic  Acid. 

Thiobutyric  Acid.       Sulphocyanic  Add. 

772 
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Thiacetate  of 
JPotassium* 


K 


Aoetamio  Add 
rooGoII). 


(Glycoc 


CC^)"H.N]|e. 


Kitrio 
Anhydride. 


Acetic 
Anhydride* 


Thiobutyrate  of 
.    Sodiom. 

•     Na     r' 

«.  Amidic  Adds.* 

P)x>pioiuiiDic  Add 
(Alanine). 


Sulphocyanaie  of 
surer. 


}s. 


Capnunic  Add 

[(€,H,d)«H^U     C(«Ae)"H^U.  c(«,Hi^yi^u 

f 

Carbamio  Add.  Qzamic  Add.  SaodDamic  Add. 

c,  MoDatosnic  Anhydrides. 
#f.  Mmenl  Anhydrides. 

Hypochlorona 
Anhydride. 

fi.  Organic  Anhydrides. 

Simple  Anhydrides. 

Valeric 
Anhydride. 


•   Iodic 
Anhydride. 


Benzdc 
Anhydride. 

(©A©)}*' 


*  The  opinions  regarding  the  constitution  of  these  adds 

divided.    Some  chemists  represent  the  constitation  of  giyooooQ  hj  the 
formula—* 

or  refer  it  to  the  mixed  type  water^ammonia. 


H 
H 


The  niiM  intapretstion  appUei  to  oumio  add — 


{ 


E 
H 

E 

E 


} 


E 
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Mixed  Anhydrides, 

Aceto-benzoic  Aceto-valeric  Valero-beazoic 

Anhydride,  Anhydride.  Anhydride, 

(€,H,eju-  (^^a^Ho  («.H,e)\^ 

(e,H.e)r*  ce.H,e5r-  {e,E,e)r 

y.  Sulphuretted  Anhydrides* 
Thiacetic  Anhydride. 

d.  Compound  Ethers, 

a.  Oxygenated  Compound  Ethers. 

Nitrate  of  Methyl.  Nitrite  of  Ethyl  Cyanate  of  Amyl. 

SS>       «1».       <i5SK 

Fonnate  of  Ethyl.      Acetate  of  Methyh        Benzoate  of  Allyl. 

reHe>u  (e^,^)U  (^TH,e)i^ 

fi.  Sulphuretted  Compound  Ethers* 

Thiacetateof  Sulphocyanate  of     Snlphocyanate  of  Allyl. 

Ethyl.  Ethyl.  (Mustard  Oil.) 

5.  The  Ethers  of  Biatomio  Alcohols. 

Oxide  of  Ethylene*        Oxide  of  Propylene,       Oxide  of  Amylene. 

(^«)"}«.  (e,H,r}4.  (6.H„)"}«. 

6.  The  Anhydrides  of  Bibasic  Acids. 

«.  Mineral  Biatomic  Anhydrides* 

Oxygenated, 

Carbonic  Sulphurous  Sulphuric 

Anhydride.  Anhydride.  Anhydride. 

(66)"  }0.  .      (66)"}  6.  (m^"]^. 

Sulphuretted. 
Sulphocarbonic  Anhydride. 

(Bisulphide  of  Carbon.) 
(6S)"  j  B. 
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j3.  Organic  Biatomic  Anhydrides. 

Lactic  Anhydride.  Soccinic  Anhydride. 

(6^,0)"  ]«.-  (6^0,)"  }«. 

Donble  Molecale. 

IK 

Among  the  Bnhstanoes  deriyed  from  two  molecules  of  water,  the  £d1* 
lowing  deseire  to  be  noticed : — 

1.  Metallic  derivative^  of  water.     2.  The  biatomic  aloobols  aail 
their  derivatives.     3.  The  bibasic  adds  and  their  derivatives. 


1.  Metallic  Derivatives  of  Water. 

a.  Hydrates  of  Biatomio  Simple  Metals. 
Hydrate  of  Platinnm.  Hydrate  of  Iridium. 

6.  Hydrates  of  Biatomic  Compound  Metals. 

Hydrate  of  Ethylene-  Hydrate  of  Biethylen»> 

hexethyl-biammonium.  tetrethyl-biammaniam. 

t(6,H,)"(eA)«  NJ"|^^  t«sH,)s-Ce,HO,W"u 

Hydrate  of  Etl^ylene-  Hydrate  of  Ethylene* 

hexethyl-biphosphonium.  hexethyl-biarsonium. 

Hydrate  of  Ethylene-  Hydrate  of  Ethylene- 

hezethyl-phosphamnium.  trimethyl-triethyl-phosphammoiiiiiim. 

2.  Biatomic  Alcohols  and  their  Derivatives. 

a.  Biatomic  Alcohols. 

Ethylene-alcohol.  Propylene-aloohol.  Amylene-alcohoL. 

Ethyl-glyool.  Propyl-glycoL  Amyl-glycoL 
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6.  Metallic  DeriTatiT^s  of  Biatomip  Aloohols. 

Prmuuy  Sodium-compoiiDd  of        SeooDdaiy  Sodium-compound  of 
Ethrlene-alcohoU  Ethyiene-alcohol, 

HNa  r^  Na,    /^«- 

e.  Mixed  Ethers  of  Momttomic  and  Biatomic  Alcohols. 

Primaiy  Ethyl-ether  of  Secondary  Ethyl-ether  of 

Ethvlene-aloohol.  Ethjlene-alcohol. 

Hce.H.);  ^'-  (e.H.), }  ^- 

d.  Compound  Ethers  of  Biatomic  Alcohols  with  Monohasic  Acids. 

Primary  Acetic  Secondary  Acetic  Aceto-butyric 

Ether  of  Ether  of  Ether  of 

Ethylene-aloohol*  Ethylene-alcohol.  Ethylene-alcohol. 

e.  Compound  Ethers  of  Biatomic  Alcohols  with  Bihasic  Acids, 
Soocinio  Ether  of  Ethylene-abohoU 

/.  Sulphuretted  Biatomic  Alcohols, 

Ethylene-mercaptan,  Primary  Salt.  Secondary  Salt, 

{e.H,)"j  («A)"U  («2H4)"\9 

E    r*  mis  M,  /^* 

3,  Bibasic  Adds  and  their  Derivatives* 

a.  Bibasic  Mineral  Adda, 

Carbonic  Add.  Sulphurous  Add.  Sulphuric 

(hypothetical.)  (hypothetical.)  acid. 

^t^>.     ^%'^}^r     (^r>.- 

Metallic  Derivatives  of  Mineral  Bibasic  Adds. 

Primarj  Salts  of  Bibasic  Mineral  Adds. 

(Acid  Salts.) 

Primary  Carbonate       Primary  Sulphite        Primary  Sulphate  of 
of  Potassium.  of  Sodium.  Ammonium. 


HK 


r^  HNa  r^'  H(H,N)}^»- 


1 
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Secondaiy  Salts  of  Bibnsic  Mineral  Acids. 
(Neutral  Salts.) 

Secondary  Carbonate      Secondary  Sulphite  .    Secondary  Solphate  of 
of  PotaEsiom.  of  Sodium.  Ammonium. 

(6©)"U  (9©)"le  (S»t)"W 

AlcohoI-deriTatiTes  of  Bibasic  Mineral  Add^ 

Primaiy  Ethers  of  Bibasic  Mineral  Adds, 

(Ether-adds.) 

Primary  Carbonic  Ethyi-ether.      Primary  Sulphuric  Amyl-etfaer. 
(Carbovinic  Acid.)  (SulphamylicAcid.) 

{my  j^  (80,)"  u 

Secondary  Ethera  of  Bibasic  Mineral  ^dds. 

(Neutral  Ethers.) 

Secondary  Carbonic  Ethyl-ether.     Secondary  Sulphuric  Methyl-ether. 
(Carbonate  of  Ethyl.)  (Sulphate  of  Methyl)    , 

(e.H.>,r«-  (eH,),r«- 

Mixed  Derivatives  of  Bibasic  Mineral  Adds, 
a.  Metallic  and  Alcoholic, 
(Salts  of  Ether-adds.)    . 
Carbovinate  of  Potassium.  Snlphomethylate  of  Sodiiini. 

(my  I «  (90,)"  w 

6.  Bibasic  Organic  Adds, 
Oxalic  Add.  Sucdnic  Acid,  Tartaric  Add. 

Metallic  DeriTatives  of  Organic  Bibasic  Adds, 

Primary  Salti  of  Bibasic  Organic  Adds, 

(Add  Salts.) 

Primary  Oxalate  of      Primary  Succinate  of  Primary  Tartrate  of 

Potassium.                      Sodium.  Ammonimn. 

(Add  Oxalate  of          (Add  Succinate  of  (Add  Tartrate  of 

Potassium,)                    Sodium.)  Ammonium.) 

(«.«»)"  l«               («4H.0,)"U  (64H.0,y'U 
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Secondaiy  Salts  of  Bibasic  Organic  Adds, 

(Neutral  Salts.) 

Secondary  Oxalate  of    Seoondary  Saccinate        ,»  _j^.     r  n  x^ 
Polisiuin;  of  Siidium.  tartrate  of  Potaa- 

(Neutral  Oxalate  of      (Neutral  Sm-cinate  of  *S?.  "* 

Potasslam.)  Sodium.)  ^''^' 

Aloohol-deriTatives  of  Bibasic  Organic  Adds. 

Primary  Ethers  of  Bibasic  Organic  Acids. 

(Ether-acids.) 

Primary  Oxalic  Ethyl-ether.        Primary  Tartaric  Methyl-ether 
(OxaloTinic  Acid.)  (Tartromethylic  Add.) 

Secondary  Ethers  of  Bibasic  Oi^nnic  Adds. 

Secondary  Oxalic        Secondary  Succinic       Secondary  Tartaric 
Ethyl-ether.  Methyl-ether.  Methyl-ether. 

(Oxalate  of  Ethyl.)    (Sucduate  of  Methyl.)  (Tartrate  of  Methyl.) 

(e.H,),)^«'  (eH,),     r^  {m^)t     r*- 

Mixed  Ethers  of  Bibasic  Organic  Adds. 

Oxalate  of  Sucdnate  of  Tartrate  of 

Methvl-ethyl,  Ethyl-propyl.  Ethyl-amyl. 

,    (^«^.)"U.         («.H,e,/'u  (e,HA)"U 

(6H.)(G,H.r»-      (€,H,XG.H7)  r**       (€.H,)(C,H„)r«- 

Mixed  DeriTatiTes,  Metallic  and  Alcoholic, 
(Salts  of  Ether-adds.) 
Oxaloyinate  of  Potassium*  Tartromethylate  of  Sodium. 

Snlpho-acids. 
Sulphacetic  Acid.    Primary  Sulphacetate.  Secondary  Sulphacetate* 

(€yi,se,)"i  ^       (e,H,&e3)"i  ^         (e,H,se,)"  i  ^ 

H,     r*"        MH    r*-  M,     r*- 

Sulphobenzoic  Primary  Sulpho-  Secondary 

Add.  benzoate.  Sulphobenzoate, 

(6,H^.)"j^^        («'^2f')>r  (^'"if')>,. 
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TreUe  Molecule, 

This  group  is  less  numeronsly  repreeented  than  the  two  preoediDg 
ODes.  It  embraoes : — ( 1 )  The  metallic  derivatiTes  of  water.  (2)  The 
triatomic  alcohols  and  their  derivatives.  (3)  The  tribaaic  adds  aad 
their  deriratives. 

1.  Metallic  DerivatiTes  of  Water. 

.  o.  Hydrates  of  Triatomic  Simple  Metals. 

Hydrate  of  Iron         Hydrate  of  Bismuth.  Hydrate  of  Antimony. 
(ferricwn), 

h.  Oxides  of  Simple  Triatomic  Metals. 

Oxide  of  Iron  Oxide  of  Bismuth.      Oxide  of  Antim<my. 

(ferricum), 

(Fe,y"/^»-  Bi'"  J^'  Sb"'  /^»- 

c.  Sulphhydrates  and  Sulphides  of  Simple  Triatomic  Metak. 

Sulphhydrate  of  Sulphide  of  Sulphide  of 

Antimony.  Antimony.  Bismuth. 

Sb"'l«  Sb"'U  Bi"'U 

H,  r*'  Sb"'p»'  Bi'"P»* 

2.  The  Triatomic  Alcohols  and  their  Derivatares* 

a.  Alcohols. 
Glycerin.  Amyl-frlycerin.  Diethylene-aloohoL* 

C«.«;)"]0..  («.^)'>.  («4VJe, 


*  Id  ibis  substance  3  mol.  of  water  are  held  toother  by  the  mser- 
tion  of  2  atoms  of  bieqaivalentic  ethylene. 

Diethylene^coho1» 


ilk    a|):K 


HJ 

The  same  kind  of  mechanism  gives  rise  to  the  formation  of  tetri- 
atomic  triethylene-  and  hexatomic  pcnthethylene^aloohol. 

'       Triethylene. 


I 
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6.  Mixed  Ethen  of  Moutomic  and  Tnatomic  Alcohols. 
Ethyl-gljcerin.  Diethyl-glfoeriiu    ^      Triethyl-glyoeriii. 


Triethykne-Alooliol* 

E 
E 
E 
E 
E 
E 
E 


e, 


e. 


^^. 


PeDtethyleae-alcohol* 

m 

E 
E 
S 
E 
E 
E 
S 
S 
E 
E 
E. 

The  iosertSon  of  leTerBl  atoms  of  the  trieqairalentic  glycyl-radical 
into  water  llkevrise  produces  aloohols  of  higher  atomicity. 


Diglycyl-aloohoL 


Triglycyl-alcohol. 


tn 


m 


e- 


E^ 

e,H,)"'E 

\^^   (eAy"E 

eA)"'E 


e. 


The  typical  hydrogen  in  these  compounds  is  capahle  of  being  replaced 
by  the  acid  radicals  moneqoivalentic  and  biequiyalentic.  This  sub- 
stitntion  gives  rise  to  the  formation  of  the  endless  variety  of  compound 
polyatomic  ethers. 

A  perfectly  similar  accumulation  of  molecules  may  be  aocomplished 
by  insertion  of  biatomic  acid-radicals:  as  examples,  we  quote  the 
so-called  polylactic  ethers : — 


Ethyl-bilactic 
Ether. 


Bieihyl-lacto 
Succinic  Ether. 

;e.H,e)"j 


Biethyl-bilactie 
Ether. 

[e,H,ey 
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c.  Compound  Ethen  of  Triatomic  Aloohob  with  Monobasic  Adds. 

Primary  Stearic  Socond&ry  Stearic  T«rtiarj  Stearic 

Glycyl-ether.  Glycyl-ether,  Glycyl-etiier. 

H^e-H.e)/*'-     H;e„H„e),r»-        (e„H„0),}*«- 

d,  SuJpharetted  Triatomic  Alcohols. 

Glycerin-  Primary  Secondary  Tertiary 

mercaptan.  Salt.  Salt.  Salt 

(e,Hj"ig       (e,H.)'"u       («,H.)"'»g      (e,HXu 


3.  Tribasic  Acids  and  Anhydrides, 
a.  Trihasic  Mineral  Acids  and  Anhydrides. 
Phosphoric  Acid.  Anhydride  of  Phosphoric  Acid. 


Metallic  Derivatives  of  Tribasic  Adds. 

Primary  Salts  of        Secondary  Salts  of  Tertiary  Salts  of 

Tribasic  Acids.               Tribasic  Acids.'  Tribasic  Adds. 

(1  St  series  of  Add  Salts.X2d  series  ofAcid  Salts.)  (Neutral  Salts.) 

IMmary  Phosphate.     Secondary  Phosphate.  Tertiary  Phosphate. 

(poy'u            (peyu  (P^y"i0 

r*'           HM, /^»-  M,  ;*»• 


E,M 


Alcohol-derivatives  of  Tribasic  Acids. 


Primaij  EAerj  of  Seojndary  Ethers  of  tertiary  Ethers  of 

Tnbasic  Acids.  Tnbasic  Acids.              Tribasic  Adda. 

(1  St  series  of  Ethci^  (2nd  seri^  of  Ether-       (Neutial  Ethera.^ 

adds.)  acids.)  TertSarv  Phosnhonc 

Primary  Phosphoric  Secondary  Phosphoric           EtSl-ethw" 

Ethyl-ether.  Ethyl-ether.  fNeutnU  Phospliate 

(Monethyl-phosphorio  (Biethyf-phosphoric  ^       ofEthyM^ 

H,c6,H,)r»-  H:e,H.),r»-        (€,H.),r*- 


GEBHABDT's  BQUlVALEKTIi  AND  NOTATION,  ?81 

Mixed  DerivatiTeB,  Metallic  and  Alcoholic, 
(Salts  of  Ether-adds.) 
Metallic  Monethylphosphates.  Metallic  Biethjl- 

Primaiy  Secondary  phosphate. 

Manethylphosphatea,     Monethylphosphates, 

h,  Trihasic  Organic  Acids, 
Citric  Acid. 

Metallic  DerivatiTes  of  Tribasic  Organic  Adds, 

Primary  Salts  of  Tribasic  Organic  Adds, 

(1st  series  of  Add  Salts.) 

*  Primary  Citrate. 

Secondary  Salts  of  Trihasic  Organic  Acids, 
(2nd  series  of  Add  Salts.) 
Secondary  Citrate. 

HM,  r^ 

Tertiary  Salts  of  Trihasic  Organic  Adds, 
(Neutral  Salts.) 
Tertiary  Citrate. 

M.    ;*•• 

Alcohol-deriTatives  of  Trihasic  Organic  Adds. 
Primary  Ethers  of  Trihasic  Organic  Adds. 
(Ist  series  of  Ether  Adds.) 
Primary  Citric  Ethyl-ether, 
(Monetbyldtric  Acid.) 
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Seoondaiy  Ethen  of  Tribaflc  Oi^^ic  Acids. 

(2Dd  series  of  Eliier  Adds.) 

•  Seoondaiy  Citric  Ethyl-ether« 

(Biethylcitric  Add.) 

Tertiary  Ethers  of  Tribasic  Organic  Acids. 
(Neutral  Ethers.) 
Tertiary  Gtric  Ethyl-ether. 
(Citrate  of  Ethyl.)* 

(6.6.).  r- 

Mixed  Deriyatives  of  Tribasic  Organic  Adds,  Metallic  and  Alcoholic. 

Salts  of  Ether-Adds. 

Metallic  Monethyldtrates.  Metallic 

Primary  Monethyl-     Secondary  Monethyl-        Biethyldtrates. 
citrates.  citrates. 

^^.^,)"'U  («.HA)"'U  <6A»4y"U 

Triatomio  Acids.* 
Biglycolic  Acid.        Priqiary  Biglyoolate.    Secondary  Biglycolate. 

re,H,ey'  (e,H,e)"|  (e,H,ey'i 

H,  HM     )  M.      J 


*  Biglycolic  add  is  a  triatomic  add:  it  derives  from  3  moLof  water, but  It  is 
Inbasic  only.  2  atoms  of  hydrogen  being  replaceable  by  monequivalentic  metal 
aiid  acid  radicals. 
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TYPE  AMMOKU, 
Simple  Molecule, 

The  ammonia  type  is  rerj  nameroasly  represented :  it  embraces  not 
only  a  large  class  of  nitrogenous  bodies,  but  also  many  compounds  de- 
rived from  phosphoretted,  arsenetted,  and  antimonetted  hydrogen. 
The  following  groups  may  be  distinguished: — (1)  Metallic  deiivatives 
of  ammonia,  (2)  Organic  deriyatives  of  ammonia — ^monamines,  and 
mooamides, 

1,  MetaSic  Derivatires  of  Ammonia, 

Metalamides. 

a.  Primary  Metalamides. 

Potassiamide,  Sodiamide, 

K)  Na) 

Efir.  H  V, 

H)  H) 

Secondary  metalamides  are  not  known, 

5.  Tertiary  Metalamides. 

«.  Nitrogenetted. 

Tripotassiamide.  Trisodiamide.  Trimercuramide. 

Hgl 
HglH. 
Hg) 

•  •  • 

$,  Phosphoretted,  Arsenetted,  and  Antimonetted. 

Trinickelophosphide.  Tricuprarside.  Triargentostibide. 
Ni)                               Cuj  Agl 

NifP.  CufAs.  AglSb. 

m)  Cu)  Agl 

2.  Organic  Derivatives  of  Ammonia, 
,  '  a.  Basic  Compounds. 

Monamines. 
m.  Primary  Monamines. 
Methylamine.  Ethylamine.  Pbenylamine. 


E 


K,  H     K.  H    )K. 

E  S 


m 
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Bimethjlamine. 


? 


/S.  Secondary  Monaminei. 
BiethylamiiM* 

(«,H.)}K. 
■H 


Mcthyl-phen^amina. 

(6H,) 
(«.H,)] 


Biamjlamine. 


Phenyl-cetflamina.         Ethyl-tolyliimiiif, 


(«tH,)I 


Trimcthylamiiw. 

(eH,)| 

(eH.)H. 

(eH.) 


y.  Tertiary  Monamine^ 

TriethylamiDe.  TiiamjUmine* 


(«.H.)I 


(«.H.,)| 


Biethyl-tolylamiDe.   ttethyl-etfayl-amylamme.  ^  miM. 

(en.; 


(«H,)  I 


(«.H.)) 


Monamides  oontaining  Oijgenated  Radicals.* 
Ozethylene-amine.      Diozethylene-amine.      Tiiozetliylene-ainiiie. 


E 
E 


'• 


E 


*  Some  chemists  (see  page  761)  refer  these  compooods  to  the  ooo- 
jagated  type  water-ammonia. 

Ozethylene-amine.      Diozethylene-amine. 

{SI   (wf ■  ihi». 

E   r: 


Triozethyl 

E 
E 


EE. 


Eir. 


E 
E 


}». 


s 

E 


0. 
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Phosphoretted,  Arsenetted,  and  Antimonetted  Tertiary  Derivatives. 
Monophosphines,  Monarsines,  and  Monostibines. 

Trimethylphosphine.         Triethylarsine.  Triethylstibine. 

fen,))  fe,H.))  (6.h,^ 

(eH,)Jp.  (e,H.)jAa.  (Sfl.nsb. 


■  (eH 


(SiH.) 


h,  Neatral  Compounds. 
Monamides. 

a.  Primary  Monamides. 
Benzamiiie. 

H 


ce.H.)| 


Cinnamide. 

H 


Biacetamide. 


fi.  Secondary  Monamides* 

Ethyl-acetamide.  Phenyl-benzamide. 


Acetyl-argentamide.    Benzoyl-mercuramide. 

Ag       ».  Hg 

H  E 


H 


Suodnimide. 


(«.H,0,y' 


('• 


y.  Tertiary  Monamides. 
EthyUbiaoetamide.        Diethyl-acetamide.       Phenyl-bibenzamide. 

(e,H,e))  (e^o)  I  (eA^)j 

Socdnyl-phenyl-amide.  Snccinyl-argentamide. 


Ag 


Double  Molecule. 
Eg /Kg. 


3k 
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The  nuraber  of  substances  dmved  from  the  double  molecule  of  as- 
monia  is  much  smaller  than  that  which  may  be  referred  to  the 
simple  molecule.  Many  of  them  have  only  been  rec^itly  discoreied, 
and  are  not  yet  fully  investigated.  Metallic  biamides  being  scaxtdv 
known,  the  only  classes  here  to  be  enumerated  are^(l)  The  organic 
biamines.    (2)  The  ureas.     And  (3)  The  organic  biamides. 


Pinmary  Biamines. 
Ethvlene-biamine. 


1.  Biamines. 

Secondary  Biamines. 
Biethylene-biam  ine. 


Tertiary  Biamine^. 
Ethy  l^e-tetrethj  1- 
biamine. 


2.  (Jrens. 
Urea. 


(60)" 


A  2* 


Ethyl-urea, 

(eo)"  ) 


Secondary  Ureas. 

Acetyl-urea. 

(60/' 
(6A«,H  }  H.. 


Tertiary  Ureas. 


Biethyl-ores. 

(eo)" 


Sulphophosphoretted 
Triethyl-allyl  Ui-ea. 

(OS)"       I 

(e^H,),     HP. 
(e,H,xe,H,)) 


Sulphophosphoretted 
Triethyl-phenyl  Urea. 

(69)"      I 


Oxalyl-biamide. 
(Oxamide.) 

(eA)"i 


3.  Biamides. 

Primary  Biamides. 

Succiiiyl-biamide. 
(Suocinamide.) 


Malamide.  (Aspa- 
ragin.) 
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Oxalyl-biethyl- 

biamide. 

(Biethyl-oxamide.) 


Secondary  Biamides. 

Ozalyl-biphenyl- 
biamide. 
(Biphenyl-oxamide.)     (Biphenyl-malamide.) 


Malvl-biphenyl- 
biamide. 


(6j02)" 


\"i 


N, 


Trisnocinyl-biamide. 
Trisucdnamide. 


Tertiary  Biamides. 
Hydrobenzamide. 


N»»l 


(6.H.)'  , 
(«,H.)"J 


Citryl-biphenyl-biamide. 

H 


I       }^2 


Treble  Molecule, 


The  compounds  derived  irom  three  molecules  of  ammonia  are  still 
very  few.  The  only  compounds  which  we  shall  mention  here  aie 
some  triamides  derived  from  citric  acid. 


Triamides. 


Primaiy  Triamide. 
Citryl-triamide. 

{Bfl  5O4/' 


Secondary  Triamide. 
Citryl-triphenyl-triamidc. 


Type — Mai*sh-gas. 


H 
E 
H 
H 


«. 


Among  the  few  compounds  which  have  been  referred  to  this  type 
are  sUicated  hydrogen  and  stanntetrethyl. 
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SilicBted  Hydrogen. 
H 


Hi 

H 


Si. 


Silidde  of  Magnenam. 
Mgj 


Stanntetramethyl. 
CH*I 

chJ 


StenntetrethyL 
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HYDROMETER  TABLES. 


OOMPARIBON  OF  THE  DEGREES  OF  BAUUi'S  HTDBOMETER  WITH 

THE  REAL  SPECIFIC  GRAVITIES. 


1.  For  Liquids  hecmier  thosn  vxUer, 


DcgraM. 

Specific 
Gravity. 

1 
DegreeSb 

Specific 
Gravity. 

Degrees. 

Specific 
Gravity. 

0 

1-000 

26 

1-206 

52 

1-520 

1 

1*007 

27 

1-216 

53 

1-535 

2 

1«013 

28 

1  225 

54 

1-551 

3 

1*020 

29 

1-235 

55 

1-567 

4 

1^027 

30 

1-245 

56 

1«583 

5 

1-034 

31 

1-256 

57 

1-600 

6 

1^041 

32 

1-267 

58 

1-617 

7 

1-048 

33 

1-277 

59 

1-634 

8 

1-056 

34 

1-288 

60 

1-652 

9 

1-063 

35 

1-299 

61 

1-670 

10 

1-070 

36 

1-310 

62 

1-689 

11 

1«078 

37 

1*321 

63 

1-708 

12 

1*085 

38 

1-333 

64 

1-727 

13 

1-094 

39 

1-345 

65 

1-747 

14 

1-101 

40 

1-357 

66 

1-767 

15 

1-109 

41 

1-369 

67 

1-788 

16 

1-H8 

42 

1-381 

68 

1-809 

17 

1-126 

43 

1-395 

69 

1-831 

18 

1-134 

44 

1-407 

70 

1-854 

19 

1-143 

45 

1-420 

71 

1-877 

20 

1-152 

46 

1-434 

72 

1-900 

21 

1-160 

47 

1-448 

73 

1-944 

22 

1-169 

48 

1-462 

74 

1*949 

23 

1-178 

49 

1-476 

75 

1-974 

24 

1-188 

50  . 

1-490 

76 

2-000 

25 

1-197 

51 

1-495 
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2.  Baum^s  Hydrometer  for  Liquids  ligkUr  than  water. 


Degrees. 

Spedflc 
Gravity. 

Degrees. 

Speciflo 
Gravity. 

Degrees. 

Spedfic 
'Giavlty. 

10 

1-000 

27 

0-896 

44 

0-811 

11 

0*993 

28 

0-890 

45 

0*807 

12 

0-986 

29 

0-885 

46 

0-802 

13 

0-980 

30 

0-880 

47 

0-798       : 

14 

0-973 

31 

0-874 

48 

0-794       1 

15 

0-967 

32 

0-869 

49 

0-789 

16 

0-960 

33 

0-864 

50 

0-785 

17 

0-954 

34 

0-859 

51 

0-781 

1     18 

0-948 

35 

0-854 

52 

0-777 

19 

0-942 

36 

0  849 

53 

0-773       ! 

20 

0-936 

37 

0-844 

54 

0-768       ! 

21 

0-930 

38 

0-839 

55 

0-764 

22 

0-924 

39 

0-834 

56 

0-760       , 

23 

0-918 

40 

0-830 

57 

0*757       ' 

24 

0-913 

41 

0-825 

58 

0-75S 

25 

0-907 

42 

0-820 

59 

0-749       , 

26 

0-901 

43 

0-816 

60 

0-745       ' 
I 

These  two  tables  are  on  the  authority  of  M.  Franooeur :  thej  are 
taken  from  the  ffandwOrterbuchder  Chetttieoi  Liebig,  PoggendorflT,  and 
Wohler.  Baome^s  hydrometer  is  very  commonly  used  on  the  Ccmti- 
Dent,  especially  for  liquids  heavier  than  water.  For  lighter  liquids 
the  hydrometer  of  Cartier  is  often  employed  in  France.  Gartiei's 
degrees  differ  but  little  from  those  of  Baume'. 

In  the  United  Kingdom  Twaddell's  hydrometer  is  a  good  deal 
used  for  dense  liquids.  This  instrument  is  so  graduated  ths^  the  real 
sp.  gr.  can  be  deduced  by  an  extremely  simple  method  from  tbe 
degree  of  the  hydrometer,  namely,  by  multiplying  the  latter  hj  5, 
and  adding  1000 ;  the  sum  is  the  sp.^.,  water  being  1000.  Thas 
10°  Twaddell  indicates  a  sp.  gr.  of  1050,  or  1-05;  90^  Twadddl, 
1450,  or  1-45. 

In  the  Castoms  and  Excise  Sikes's  hydrometer  is  used. 
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ABSTRACT 

OF    OR.   DALTOif'S  TABLE  OP  THE   ELASTIC  FORCE  OP  VAPOUR  OF 

WATER  AT  DIFFERENT  TEMPERATURES,  EXPRESSED 

IN  INCHES  OF  MERCURY. 


Temperature. 

Temperatixre. 

Force. 

Temperatare. 

Force.   > 

1              I 

ruiue. 

Fnh.; 

Gent. 

Fah. 

1 

'          1 
1  570| 

Cent. 

1 

1 

Fab. 

Cent. 

32° 

QO-O 

0-200 

130-88I 

0-474 

I     900 

320-2 

1-36 

33 

00-55 

0-207 

:  58 

140.4 

0-490 

1     95 

350 

1-58  1 

34 

30.1 

0-214 

59 

150 

0-507 

'  100 

370. 7'f 

1-86  1 

35 

1^*66 

0-221 

60 

150.5 

0-524 

105 

400.5 

2*18 

36  1  20«2 

0-229 

61 

160.1 

0-542 

110 

430.3 

2-53 

37      20-77 

0-287 

62 

160-66: 

0-560 

115 

460-1 

2-92 

38      30- 3 

0-245 

1  63 

170-2  1 

0-578  ' 

120 

480-88 

3-33 

39  ,  30-88 

0-254 

64 

170.77 

0-597 

125 

510-66 

3-75  ' 

40      40*4 

0-263 

1  65 

I8O.3 

0-616  ' 

130 

540.4 

4-34  ' 

41      6° 

0-273 

\  66 

I8O.88 

0-635 

135 

570»2 

5-00 

42      50-55 

0-283 

67 

190.4 

0-665 

140 

6OO 

5-74 

43      60-1 

0-294 

68 

200 

0-676. 

145 

620-77 

6-53 

44      60-66 

0-305 

69 

200.55 

0-698 

150 

650.5 

7-42 

45      70-2 

0-316 

.  70 

210.1 

0'721 

160 

710-1 

9.46 

46 

70,77 

0-328 

;  71 

210-66 

0-745  1 

170 

760-66 

12-13 

47 

80«3 

0-339 

;  72     220-2 

0-770  1 

180  '  820-2 

15-15 

48  ;  80-88 

0-351 

'  73     220.77 

0-796 

190      870.77 

19-00 

49 

90.4 

0-363 

74 

230-3 

0-823 

200      930.3 

23-64 

50  '100 

0-375^ 

75 

230-88 

0-851 

210 

980.88 

28-84 

51    100-65 

0-388 

.  76 

240.4 

0-880 

1  212 

1000 

30-00 

52    lio-l 

0-401 

'  77 

250 

0-910 

220 

1040.4 

34-99 

53    110-66 

0-416 

1  78      250.5 

0-940 

230 

1100 

41-75 

54    120-2 

0-429 

79 

260-1 

0-971 

240 

1150.5 

49-67 

55    120-77,  0-443 

80 

260-66 

1-000 

250 

1210.1 

58-21 

56    130-3 

0-458 

1  85 

290.44 

1-170 

300 

1480- 88 

111-81 
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TABLE 


IN   100   PABT8  OF  SPIRITS    OF  DIFFERENT 

8PSCIFIO  QBAYITIFS. 

(POWNES.) 

1 

Pfer- 

Pter- 

Per- 

Sp.  Gr.  at  60° 

oeutage 

Sp.  Or.  at  60° 

oentage 

8p.  Gr.  at  <0P 

ocntage 

(150-6C). 

of  real 

(Ifto-sC). 

of  real 

(16»-6C> 

of  ma 

AloohoL 

AlcohoL 

. 

AlcoMJ 

0-9991 

0-5 

0-9511 

34 

0-8769 

68 

1 

0'9981 

1 

0-9490 

35 

0-8745 

69 

0-9965 

2 

0-9470 

36 

0-8721 

70 

0-9947 

3 

0-9452 

37 

0-8696 

'     71 

0-9930 

4 

0-9434 

38 

0-8672 

72 

0-9914 

5 

0-9416 

39 

0-8649 

73 

0-9898 

6 

0-9396 

40 

0-8625 

74 

0-9884 

7 

0-9376 

41 

0-8603 

75 

0-9869 

8 

0-9356 

42 

0-8581 

76 

0-9855 

9 

0-9335 

43 

0-8557 

77 

0-9841 

10 

0-9314 

44 

0-8533 

78 

1       0-9828 

11 

0-9292 

45 

0-8508 

79 

4 

'       0-9615 

12 

0-9270 

46 

0-8483 

80 

!       0-9802 

13 

0-9249 

47 

0-8459 

81 

0-9789 

14 

0-9228 

48 

0-8434 

82 

'       0-9778 

15 

0-9206 

49 

0-8408 

83 

0-9766 

16 

0-9184 

50 

0-8382 

84 

0-9753 

17 

0-9160 

51 

0-8357 

85 

0-9741 

18 

0-9135 

52 

0-8331 

86     ' 

I       0-9728 

19 

0-9113 

63 

0-8305 

87 

0-9716 

20 

0-9090 

54 

0-8279 

88 

0-9704 

21 

0-9069 

56 

0-8254 

89 

0-9691 

22 

0-9047 

66 

0-8228 

90 

0-9678 

23 

0-9025 

57 

0-8199 

91 

0-9665 

24 

0-9001 

58 

0-8172 

92 

0-9652 

25 

0-8979 

59 

0-8145 

93 

1       0-9638 

26 

0-8956 

60 

0-8118 

94 

'       0-9623 

27 

0-8932 

61 

0-8089 

95 

0-9609 

28 

0-8908 

62 

0-8061 

96 

0-9593 

29 

0-8886 

63 

0-8031 

97 

0-9578 

30 

0-8863 

64 

0-8001 

98 

0-9560 

31 

0-8840 

65 

0-7969 

99 

0-9544 

32 

0-8816 

66 

0- 7938 

100 

0-9528 

1 

33 

0-8793 

67 
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TABLE 

)F  THE  FROFOBTION  BT  VOLUME  OF  ABSOLUTE  OR  REAL  ALCOHOL 
IN  100  VOLUMES  OF  SPIRITS  OF  DIFFERENT  SPECIFIC  GRAVITIES 

(gay-lussac)  at  59**  F.  (15°C). 


100  ToL  Siplrlts. 

100  YoL  spirits. 

100  voL  Spirits. 

Contain 

1 

Contain 

1 

Contain 

^)ec.  Gntv. 

vol.  of 
Teal 

'    Spec  Grav. 

vol.  of 
real 

Speo.  Giav. 

vol.  of 
real 

AlcohoL 

1 

AlcohoL 

1 

Alcohol. 

1-0000 

0 

0-9608 

34 

0-8956 

68 

0-9985 

1 

0-9594 

35 

0-8932 

69 

0-9970 

2 

0-9581 

36 

0-8907 

70 

0-9956 

3 

0-9567 

37 

0-8882 

71 

0-9942 

4 

0-9553 

38 

0-8857 

72 

0-9929 

5 

0-9538 

39 

0-8831 

73 

0-9916 

6 

0-9523 

40 

0-8805 

74 

0-9903 

7 

'       0-9507 

41 

0-8779 

75 

0-989t 

8 

0-9491 

42 

0-8753 

76 

0-9878 

9 

0-9474 

43 

0-8726 

77 

0-9867 

10 

0-9457 

44 

0-8699 

78 

0-9855 

11 

0-9440 

45 

0-8672 

79 

0-9&44 

12 

0-9422 

46 

0-8645 

80 

0-9833 

13 

0-9404 

47 

0-8617 

81 

0-9822 

14 

0-9386 

48 

0-8589 

82 

0*9812 

15 

0-9367 

49 

0-8560 

83 

0-9802 

16 

0-9348 

50 

0-8531 

84 

0-9792 

17 

0*9329 

51 

0-8502 

85 

0-9782 

18 

0-9309 

52 

0-8472 

86 

0-9773 

19 

0-9289 

53 

0-8442 

87 

0-9763 

20 

0-9269 

54 

0-8411 

88 

0-9753 

21 

0-9248 

55 

0-8379 

89 

0-9742 

22 

1       0-9227 

56 

0-8346 

90 

0-9732 

23 

0-9206 

57 

0-8312 

91 

0-9721 

24 

1       0-9185 

58 

0-8278 

92 

0-9711 

25 

0-9163 

59 

0-8242 

93 

0-9700 

26 

0-9141 

60 

0-8206 

94 

0-9690 

27 

0-9119 

61 

0-8168 

95 

0-9679 

28 

0-9096 

62 

0-8128 

96 

0-9668 

29 

0-9073 

63 

0-8086 

97 

0-9657 

30 

0-9050 

64 

0-8042 

98 

0«9645 

31 

0-9027 

65 

0-8006 

99 

0-9633 

32 

0-9004 

66 

0-7947 

100 

0-9621 

• 

33 

0-8980 

67 
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J)B.  SOHWEITZEB'S 


OF  THE  PBINCIPAL  MINERAL  WATERS  OF  aEBMA^fT 


Grains  of  AnlQrclroas  Ingre- 
dients in  5760  ffraiiia 
=  One  Pound  Troy. 


Carbonate  of  Soda 

Ditto  of  Lithia 

Ditto  of  Baryta 

Ditto  of  Strontia 

Ditto  of  Lim.' . 

Ditto  of  Magnesia 

Ditto  rProto)  of  MaDganese 

Ditto  (Proto)of  Iron 

Sub-Plios.  of  Lime 

Ditto  of  Alnmina 

Sulphate  of  Potiuaa 

Ditto  of  Soda  . 

Ditto  of  Lithia 

Ditto  of  Lime . 

Ditto  of  Strontia 

Ditto  of  Magnesia 

Nitr.  of  Magnesia 

Chlor.  of  Ammonium 

Ditto  of  Potassium 

Ditto  of  Sodium 

Ditto  of  Lithium 

Ditto  of  Calcium 

Ditto  of  Magnesium 

Ditto  of  Barium 

Ditto  of  Strontium 

Bromide  of  Sodium 

Iodide  of  Sodium 

Fluoride  of  Calcium 

Alumina 

Silica     . 

Total  . 
Carbonic  Acid  Gas  in  100 
cubic  inches 


Temperature 


A 


Analyzed  bv   . 


Carlsbad. 


7-2712 
0-0150 

•    • 

0-0055 
1-7775 
1-0275 
0-0048 
0-0208 
0-0012 
0-0019 


14-9019 


5*9820 


0-0184 

•  ■ 

0-4329 


31-4606 
58 

Sprud.  165° 
(73°'8C) 

Neub.  138= 
(58=-8C) 

Miihl.  128=* 
(53°-3C) 

Ther.  122° 

(55^C) 

Berzelius. 


8-0625 
0-0405 
0-0022 
0-0080 
0-8555 
0-5915 
0-0028 

0-0120 

•  ■ 

0-0014 
0-4050 


0-0338 
5-7255 


0-0014 
0-3104 


51 


Kess.  117° 
(47°-2C) 
Kran.  84° 

(28°-8C) 


Struve. 


oHilenKflBr 


'      7-6211 


0-0170     ' 
1-5464 
1-5496 
0-0026     . 
0-0356     , 


0-3160 
2-5106 


0-0164 

•  • 

0-8682 


0-0051 


0-2423 


16-0525     ,   14-7309 


98 


58°(14^-5C) 
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KD  OF  THE  SAKATOaA  OONGBESS  8PSIN0  OF  AKEBICA. 


SuBtoga 

CungTMB 

%>rtng. 


0-8761 


0*0672 
5* 8531 
4-1155 
0-0202 
0-0173 


0-1379 


0*1004 

0-0326 

1-6256 

19*6653 


0-1613 
0-0046 

■  • 

0-0069 
0-1112 


32-7452 
114 


50  (lO^^C) 


•Schweitzer 


KlSSlDgW. 

RagosL 


0-0592 
4-8180 
1-3185 
0-0121 
0*1397 


1-2540 
5 '5485 

■  • 
m     • 

0-0364 

•  • 

39 • 3733 

•  • 

3-6599 
0*3331 

0*1609 


56-7136 
96 


Marienbad. 
Kneuzbr. 


5-3499 
0-0858 

•  • 

0-0028 
2-9509 
2-0390 
2-0288 
0*1319 


28*5868 


10-1727 


•    « 


0*0023 
0*2908 


53°(11°*6C) 


Struve. 


51*6417 
105 


AusohowiU. 

FerdinandB* 

Bruimen. 


4-5976 
0-0507 

•  • 

0-0040 
3-0085 
2-2867 
0-0692 

0*2995 

•  • 

0-0040 

•  • 

16*9022 


6-7472 


0-5023 


34*4719 
154 


53°(11°*6C) 


Berzelius. 


Eger. 

FraoxeDS' 
Bmimen. 


3-8914 
0-0282 

•    a, 

0*0023 
1-3501 
0*5040 
0-0322 
0-1762 
0-0172 

0-0092 

•  • 

18-3785 


6*9229 


0-3548 


49°  (9°-5C) 


Steinmann. 


31-6670 
154 


540(120- 2C) 


Berzelius. 
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Db.  SCHWEITZER'S 


OF  THE  PBIKCIPAL  MINBBAL  WATEB8  OF  GERMANT  ASD 


Gndiis  of  AnhydrooB  Ingre- 

 1 

dients  in  5760  grains 

Fjimaat, 

FadiiDgeii.    ; 

=  One  Fband  Troy. 

1 

Carbonate  of  Soda  . 

•  • 

0-5531 

12-3328 

Ditto  of  Lithia 

•  • 

•  • 

•    • 

Ditto  of  Baryta 

•  • 

•  • 

•    • 

Ditto  of  Strontia 

•  • 

•  • 

•    • 

Ditto  of  Lime 

4«7781 

0-7387 

1-8667 

Ditto  of  Magnesia  . 

•  • 

0-8421 

1-2983    • 

Ditto  (Proto)  of  Manganese 
Ditto  (Proto)  of  Iron 

0-0364 

0*0389 

•  • 

0-3213 

0-2813 

1 

Sub-Phos.  of  Lime . 

•  • 

0-0102 

0*0061 

Ditto  of  Alumina    . 

0-0110 

0-0064 

•    • 

Sulphate  of  Potassa 

0*0314 

0*0593 

•    • 

Ditto  of  Soda 

1-6092 

0-0281 

0- 1267 

Ditto  of  Lithia 

0-0067 

•    • 

•     • 

Ditto  of  Lime 

5-0265 

•    « 

•    • 

Ditto  of  Strontia 

0-0154 

■    • 

^  ^ 

Ditto  of  Magnesia  . 

2  3684 

•    • 

•     • 

Nitr.  of  Magnesia    . 

•    * 

•    • 

•    • 

Chlor.  of  Ammonium 

•     m 

•    • 

.  .         ' 

Ditto  of  Potassium  • 

m      • 

•    • 

•  • 

Ditto  of  Sodium      . 

•    • 

0-3371 

3*2337     - 

Ditto  of  Lithium     . 

•     • 

•    • 

Ditto  of  Calcium 

•     e 

a     • 

•     • 

Dittp  of  Magnesium 

0*8450 

•      • 

•     • 

Ditto  of  Barium 

•  • 

•     * 

•     • 

Ditto  of  Strontium . 

•    « 

•     ■ 

•     - 

Bromide  of  Sodium 

«    • 

•     • 

•    • 

Iodide  of  Sodium     . 

•    • 

■  . 

•    • 

Fluoride  of  Calcium 

•    « 

•  • 

1 
•    • 

Alumina 

•    • 

•  • 

1 
•    • 

Silica  .... 
Total  . 

0*3727 

0-3739 

0*0657 

15-4221 

3-2691 

18*9300 

Carbonic  Acid  Gas  in  100) 
cubic  inches 

160 

136 

t 
135 

Temperature . 

560(13°-3C) 

SO'^'  (10°C) 

50^  (lO^C) 

Analyzed  bj  • 

Strure. 

StruYe. 

Bischoff.    , 
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)F  THE  SilRATOaA  COMaRESS  SPRIKa  OF  AMEBXCA'—CCntinued, 


Setters. 

SeidadiliU. 

Pttllna. 

Ereuznacb. 

EUaen- 

BniDiien. 

Adelhelds- 
Quelle. 

4-6162 

•     • 

•  • 

•  • 

5-2443 

•  • 

•     ■ 

•  • 

•  • 

0-0902 

0-0014 

•    • 

•  ■ 

•  • 

0-0024 

0-0144 

•    • 

•  • 

•  • 

0-0387 

1*4004 

5-1045 

0-5775 

0'2058 

0-4703 

1-5000 

0-8235 

4-8045 

1-1812 

0-2980 

•  • 

0-0032 

•  • 

0-0072 

0-0012 

•  ■ 

0-0095 

•  • 

0-1495 

0-0121 

0-0007 

0-0117 

0-0026 

• 

•  • 

0-0020 

0-0088 

•  • 

• 

•  • 

0-2978 

3*6705 

3-6000 

■ 

0-0066 

•    • 

17*6220 

92-8500 

• 

•    f 

•  • 

•  • 

•    • 

1-1287 

•    • 

1-9500 

• 
• 

■    • 
•    • 

•    • 

0-0347 

•  • 

• 

•     • 

•     • 

62-3535 

69-8145 

• 

•    • 

•    • 

5-9302 

•  * 

• 

«    « 

•     • 

0-2685 

•  • 

•  • 

0-7287 

e    • 

0-1845 

12-9690 

•      • 

•  • 

54-6917 

28-4608 

•     • 

•      • 

•  • 

0-0562 

•    • 

•     • 

•      • 

•  • 

9-7358 

•    • 

•    • 

1-2225 

14-7495 

•  • 

9      • 

•     • 

■    • 

■  • 

0-2366 

•       ■ 

•    • 

•    • 

•  ■ 

0-5494 

•       • 

•    • 

•    • 

■  • 

0-2304 

0-3060 

•    • 

•    • 

•  • 

0-0024 

0-1500 

0-0013 

■    • 

•  • 

•  ■ 

1  • 

•  • 

•  • 

0-0086 

0*0166 

•  • 

0*0900 

0*1320 

0*2355 

0-1922 

21-2982 

98-0133 

188'4806 

68*0190 

35-4739 

126 

20 

7 

12 

10 

580(1 405C) 

58'='  (14°-5C) 

58^(140-5C) 

47°  (8°-3C) 

580  (140.5C) 

Strove. 

Struve. 

Struve. 

Struve. 

Struve.      1 
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WEIGHTS  AND  MEASURES. 


480*0  grains  Troy  =  1  <«,  Troy. 

437*5  „  =  1  oz.  Ayoirdupois. 

7000  "0  .,  -  1  lb.  Avoirdupois. 

5760-0  „  =  1  lb.  Troy. 


The  imperial  gallon  contains  of  water  at  iaO°  (1 5^5C)  70,000      graii^. 

The  pint  y  of  gallon) .     8,750 

The  fluid  ounce  (A  of  pint)  .         .         .         .         .        437*5 
The  pint  equals  34*66  cubic  inches. 
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356  , 

Delpbinic  add 

539 

Delphinlne  . 

627 

Derivatives  of  ammonia76l  i 

of  hydrochloric  acid 

761 

of  hydrogen 

760  1 

of  water    .        • 

761 

PA6B 

Dew,  origin  and  cane  84 

I>!W>point  .        •  50 

Density       .        .  3 

naximun  48 

of  vapours,  detaiw 

minatlonof  .  424 

Dextrin        .  436 

Dextro-raoemtc  add  568 

Diabetes      .         430, 717 

inaipidus,  wagu 

from     .  431 

DiaoeUn       .        .  536 

Dialurlc  add         .  611 

Dialysis                .  138 

Diamagnetic  bodiai  M 

Diamond      .  163 

Diastase  437 

Diathermanqy  85 

Didymium  .        .  319 

Dietbylene  alcohol  496 

Diethylenediamine  645 

DiethyleneCriamtaM  646 

Diffusion  of  liqulda  137 
Dlfiusive  power  of 

gases     •  125 

Digestion      .        .  736 

Dimorphism        .  266 

DtnitToethylic  add  475 

Dlppel's  oil .        .  649 

Disaciyle  .  .  516 
Disinfection.  172, 310 
Disinfecting  solnUon 

of  Labarnique  309 

Disposing  InfiocDoe  334 

Distillation  .  46 

dry  or  destnictlTe,  687 

Dithionic  add      .  164 

Double  salts         .  254 

double  ethers    •  500 

Draconic  add        .  678 

Dragon's  blood  684 

Ductility  of  metalt  350 

Dnlcose  433 

Dutch  liquid         .  468 

Dye*,  yellow        .  671 

Dyeing,  action  of  .  659 

Dyslysin      .        •  723 
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Esrthenware  •  324 

Eblanin       .  .  507 

Ebullition    .  .  38 

EfTerveeclng  diaaghtB  666 

J^orescenoe  .  355 

Eger,  water  of  695 

Egg,  white  of  .  701 

Elaidic  add .  .  536 
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101 
IM 
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Elaidln 
Elain  . 
Elaidehyde  . 
Elastictitfoe 
Elaterin       .        « 
Electric  eel  •        • 
machine   • 
battery     .        • 
dectrkal  cnnvnt 
Electrldty,  positivB 
and  negadw . 
of  vapooTB         • 
ElectnMdiemicBl  da- 

cnmpoddan  • 
Electrodes   . 
Electrolyda . 
Electrolytes 

Electro4nagHtim       lOS 

Electrometers       .  99 

Electro-motive  pover  34* 

Electio|Aoma  104 

Electro-piatli^      .        S4< 

Etoctrotype .  946 

Elementary  bodies        115 

substances^  ubie  of  2!li 

aubstanoea,  tabte  of 

qrmbolaof    « 

Etoraents     ,        .        115 

EUagic  acid  .        .        S7ft 

&Derald  •        311 

Emery         .        •        Sit 

Emetine      •        • 

Emodin       •        • 

Ems,  water  of       ,        7M 

Emulstn      .  SS4 

Epwmsalt  .  313 

Eqnisetic  add       .        &TA 

Equivalents,  taUo  of    239 

volume     •         •         223 

law  of       .         .         216 

Erbium       •        •        319 

Eremacaush         •        410 

KiythromannHe    •        4M 

Erytraxsin    .        •        510 

Erythrlc  add        •        6'5 

Eiythroprotide     .        1«T 

EMenoe  of  tuTpeatiiM   €75 

Easential  oils        .        an 

Ethallo  add  .        S37 

alcohol  •         531 

Ether  ...        464 

acetic,  chlorinetted    4t3 

acrylic  allyllc  .        614 

amylic      .        .       699 

borado  .       460 

butyllo      .        .        616 

butyric      .        .        610 

carbonic    .         .        4^0 

cblorocarbonio  .       46i 
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eywaic 

690 

Ethylamylanllina 

646 

Felspar' 

318 

cyanniic  .        • 

590 

Ethyl-ammonia    . 

631 

Fermentation 

446 

formation  of     , 

465 

ICtbylanUlna 

644 

butyric.    . 

451 

fonulo              . 

505 

Etl^lene 

467 

lactic 

451 

fcmnlc.  chlorlnetted  473 

bromide  of 

469 

Tlnous 

446 

lijdrfodic  . 

457 

chloride  of 

466 

Ferments 

446 

faydrobromic 

467 

cyanide  of 

496 

Ferriqranide  of  hy- 

light byclrochlorlo 

467 

iodide  of  . 

469 

drogen  . 

698 

imirgaiic  . 

533 

oxide  of    . 

493 

Ferricyanides 

598 

jnnrlatlc  hmvj . 

472 

sulphide  of 

496 

Ferricyanogen 

598 

nitric 

458 

snlpbocyanideof 
EtbyieneHilcobol  . 

496 

Perrid!^nogen    . 

598 

oltroiu     . 

459 

491 

Ferrocyanides' 

594 

CBoautbic  . 

540 

Ethyiene-aniltne  . 

641 

Ferrocyanogen  and 

oleic 

533 

Etbylenediamine  . 

645 

its  compounds 

594 

oxalic       .        • 

450 

Etbylene-hexotbyldl- 

Fibrin  .                  703,  704 

otzamic 

460 

plMMphonium, 
bibromide  of     . 

Fire,  blue     . 

370 

pelargoiiic        • 

540 

658 

•damp 

189 

pbofii^rio 

458 

Ethylenehexethyl- 

red  and  green    . 

303 

prepantloDof  . 

465 

phoephArsbnimn, 

Flame,  structure  of  193, 1 96 

•illcic 

450 

bitwomide  of     . 

658 

Flint-glass  . 

331 

stearic              • 

533 

btnoxide  of 

658 

Fluids,  expansion  of 
Fluoride  of  boroD 

28 

salphuric  .        • 

458 

Ethylenetetretfayl- 

188 

snlphonnu       • 

458 

of  calcium        . 

803 

iraleric     . 

528 

bibromide  of     . 

658 

of  silldttmt 

186 

Etiicrin 

467 

btnoxide  of 

668 

Fluorine 

183 

Elberule      .        • 

467 

Ethylenetriethyl- 

Kluor-spar  . 

308 

Ethers  coaipoirodiSfi 

."8 

phospbammonlum. 

Food    . 

737 

of  fatty  acl<U    . 

533 

bibromide  of     . 

658 

Formates     . 

504 

Etbionic  add 

471 

binoxide  of 

658 

Formic  acid  . 

503 

ICtbyl  . 

455 

Ethyl  pbenylamine 
Ethyl-tohiidine     . 

644 

ether 

505 

amen-               478 

,656 

644 

Formo-benzoio  add 

551 

bism- 

476 

Ethyl-oxamide     . 

632 

-methylal . 

506 

bor>  .        •        . 

477 

Eucalyne     . 

432 

Formula 

422 

laiomkle  of        • 

457 

Eocblorine  . 

177 

empirical  . 

422 

chloride  of 

456 

Ettchrooe 

445 

rational     . 

422 

qiranid^of         . 

457 

Eochronic  add 

445 

Formyl-aniUne     . 

641 

formula  of 

500 

Eudiometer .         13C 

M46 

FranguUn 

670 

liydrargyr-        • 

477 

Euclase 

319 

Firench  weights  and 

Iodide  of  . 

457 

Eupione 

688 

measures 

799 

oxide  of   . 

454 

Euxanthic  add     . 

670 

Frigoriflc  mixtures 

39 

oxide  of,  acetate  of 

487 

Kuxanihone. 

670 

Frnit-sngar  . 

729 

oxide  of,  compounds. 

Evaporation. 

46 

Fuchslne 

672 

with     acidfl,  sec 

) 

Everalc  add 

666 

Fucusamlde . 

651 

ether 

456 

Eyeminic  add 

666 

Fucusine 

651 

oxide  of,  cy«inate  of 

590 

Evenila  prunastri 

666 

Fucusol 

651 

oxide  oficyannrate  of  6M 

Exonnose    . 

139 

Fulminates  . 

591 

phoeph-    . 

477 

Expansion  by  heat 

21 

Fnlmlnating  silver 

plmnb- 

47« 

of  fluids    .         .28,30 

of  BerthoUet . 

382 

potaaaiom*  •    . 

475 

of  gusee    . 

32 

Futanlnlc  add 

591 

aertea,  bases  of  . 

631 

of  solids    . 

25 

Fulminurlc  add    . 

593 

sodium-    . 

475 

of  water   . 

31 

Fumarimlde 

563 

stann- 

475 

Fumaric  add 

563 

•lib-                   4»T 

»«65 

Fuming  liquor  of 

solpblde  of 

467 
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Libavins 

361 

tellurtum*. 

477 

F\ii1Virine 

650 

-theory     . 

455 

Fachlngea,  water  of 

796 

FurfVirolamide 

650 

sino- 

475 

Fats    . 

529 

FurHirole 

650 

Etbylamloe . 

631 

Fatty  adds  . 

529 

Furnace.  reTerbersr 

-urea 

632 

Fecula 

434 

tory 

196 

810 
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Furnace  fioroombasaou  414 
Faael-oll  .  .  619 
of spirit  .  .  bis 
FuslbtUty  of  metals  S50 
Fusible  metal  .  350 
l^OBtlc  wood         .       670 
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Qadollnlte    . 

819 

Oaleoa 

854 

Oallates 

678 

Gallic  actd   . 

677 

Galid,  nut     . 

677 

Galvanism   . 

107 

Galvanometer 

86 

Galvanoecope 

109 

Garancin 

670 

Garlic  oU  of. 

514,  682 

Gamete 

S18 

Gas,  coal  and  cH 

191 

otefiant     . 

190,  470 

Gases,  diffusion  of 

125 

expansioD  of 

32 

phjrsical  const! 

tution  of 

12 

specific  heat  of 

67 

Gas-holder   . 

119 

Ga^terase     . 

720 

Gastric  juice 

720 

Gaultheria  procnn 
bens,  oil  of    . 

1- 

680 

Gelatin 

708 

-sugar 

709 

Gentianln    . 

627 

Gerbardt's  equ1va< 

lenteandnota 

tion 

743 

German  silver 

344 

Geyser  springs  o 

f 

Iceland . 

142 

Gilding 

384 

Glass,  cc^oured 

322 

manuftcture  of 

321 

varieties  of 

322 

soluble     . 

323 

Glauber's  salt 

289 

Glladin 

737 

Globalin      . 

708 

Gluclcacid   . 

431 

Glucinium    . 

318 

Glucose 

429 

Glue    . 

710 

Gluten 

434,737 

Gin  tin . 

737 

Glyceric  acid 

517 

Glycerin      .  517, 

531, 634 

-compounds 

634 
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Glyoo-benaoic  add  664 
Glycodna  .  .  625 
GlycoooU  ".  488,  625,  709 
Glyco-cbolalic  add  721 
Glycogen  434, 724 

Giyoo-byediokUc  add  723 
Glycol.  .       491 

Glyoolamide  .  554 
Glycolic  acid  495,  564 
Glyqrrrfalzin  .  432 
Glyoxal  .  .  493 
Glyuxallc  add  .  493 
Goniometer  .  257 

Gold,  analytical  re- 
marks on  384 
and  itscompooDfds    383 
cyanide  of         .        588 
•dust        •        *       383 
-leaf          .         .        383 
standard  of  England  384 
Goulard  water  485 
Granite         .        .        317 
Grape  sugar .        .       429 
compounds  of  .       430 
Graphite      .        ■        153 
Gravitation  .  12 
Gravity,  specific  •  3 
of  metals  .        .        249 
Green  fire    .        *        303 
Greenokite  .        .       348 
Green  salt  of  Magnus  395 
Groups,  toomorphous    266 
Grove's  battery    .       245 
Guanidfaie    .        .        623 
Guanine       .        613. 622 
Guano          .         613, 740 
Gum    *        .        .        438 
arable                       438 
benzoin    .          643,  685 
British      .        .        437 
of  cherry  tree    .       438 
tragacanth        .       438 
GnU'Cotton  .        .        444 
Gun-metal  .        .        354 
Gunpowder  .        .        276 
Gntta  perch*       *       684 
Gypeum      *        .        306 
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Hardness  of  water  306 

permanent        •  806 

temporary        *  307 

Harmaline  .        .  620 
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6» 

Hatchetin    . 

698 

Hansmaimlte 

va 

Heat,  absoiipdoD  of       88 

animal 

va 

capad^fior 

95 

coodnctkn  of 

36 

latent 

38 

pbeoomeiia  of  , 

31 

radiation  of 

81 

reflectteoof 

$1 

sonraesof 

69 

spedfie 

55 

transmfwion  of 

85 

Heavy  spar . 
Heiidn  -     . 

38t 
858 

Heliooidin    . 

968 

Hemihedrsl  crvstais      964 
Hemiplnic  add      578^  616 

Hematite 

311 

HematociTstalliD . 

766 

Hematoein   . 

713 

HematoxyUa 

C78 

Hemming'sjet 

187 

Hepar  solphnna   . 

V9 

Hesperidin  . 
Heulandlte  . 

«27 
318 

Hippuito  add 

883 

8S4 

Hamdognea,  torm 

itf 

Homologues  of  anmne  eiS 

of  benaol  . 

«<S 

of  ttaeglsrooelne 

9cn.6o      • 

828 

Honeystone . 

445 

Hops,  oil  of  . 

6t7 

Hornblende . 

814 

Horn  silver  . 

3»1 

Homy  sabstanoe 

736 

Hnano 

iu 

Uumic  add*. 

431 

Humus 

431 

Hydrarg^thyl 

4n 

dilorideof 

477 

nitrate  of . 

4n 

Hydrate  of  oQ  of 

turpeatin 

«?• 

hydrates,  tetm 

134 

Hydrate  of  aiqyl 

SSI 

ofanisyl  . 

•n 

of  beoaoyl 

642 

oi  dnnamyt 

961 

Hydrtodicadd 

Iftl 

ether 

497 

Rydrobeoaamlde 

861««6I 

Hydrobiomic  add 

[          1T9 

ether 

497 

Hydrocarbon,  dilonde 

oi 

198 
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add               .  595 

Hydrofliiorlc  add .  1P3 

Hydraflnoailfdc  add  186 

HjdrofSBa    .        .  123 

antlrooDetted    .  370 

anenetted         .  374 

binoxide  of        .  142 

carbides  of  189 

carb(metted  189 
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bodlea   .        .  412 

finTicjanide  of .  599 

pnanlphlde       .  205 

phospboretted   .  206 

sllldetted          .  184 

selenleiied        .  206 

Bulpbaretted  203 

teroxkle  of        .  142 
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len  574 

green                •  574 

Hydroteic  add      .  536 

Hydromargarlc  add  536 

BydroaargarlUc  add  536 

Hydrometer.        .  10 

Hydrometer  tables  789 

Hydroaelenic  add  206 
SMrosnlpbucyanlc 

add  .  .601 
Hydroenlphiurlc  add  203 
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point  .  .  55 
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Hyocbolallc  add  .  723 
Hyodiollc  add  .  723 
Hyoflcjamine  .  627 
Hyodyslysin  .  723 
I^pochloric  add  .  177 
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Hyponitric  add  .  151 
HypopboBphoroQS 

acid  168 
Hypoaulphate  of 

lallver    .        .  381 

Hyposulphitaofsoda  290 

ofallver   .        .  381 

HypMQlphltea  164 

Hyposulpbnric  add  164 

biralpbnretted  .  165 

snlpbnretted  164 

trlsulphuretted.  165 

HyposnlpburouB  add  164 

Hypoxanlbine      •  622 
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Iceland  mcaa 
Idri&lin 
Jdryl  . 
Igasqric  add 
Ignition 

Imldogen-bases  . 
Incandescence  . 
Indtnation,  mag- 
netic 
IncroBtatlona  in 
boilan  .  . 
Indian  yellow 
India  rubber 

▼ulcaniaed        . 
Indigo .        . 

red  . 

vat  . 
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698 
698 
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193 
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193 

94 

307 
670 
684 
684 
659 
660 
660 

white  or  deoxidized  661 

Indin  .        .        •        662 

liidinic  add.        .        662 

Inofllnic  add         .       624 

Inoslte         .         432, 624 

Ink.  label  •.  683 

blue,  aympathetic     344 

Inulin.        .        .        438 

Iodic  add     .        .        182 

Iodide  of  allyl  514 

ofaniyl     .        .        521 

of  araenic .        .        373 

of  benzoyl         .        550 

of  butyl    .        .        518 

of  cyanogen  594 

of  ethyl     .        .        457 

ofkakodyl  510 

oflead      .        .        857 

of  mercury        .        390 

of  methyl.        .       500 

of  nitrogen        .        208 

ofoleflantgaa   .        469 

of  potanlum     .        280 

of  silver    .        .        381 

of  sodium.        •       293 

Iodine .        .        .       180 

Iodine  and  oxygen       182 

chloride  of        .        210 

oompciunds  of   .        182 

Iodoform  .        506 

lodo-sulphnric  add       165 

Iridium       .        .       401 

Iron  •       329 

acetate  of.  485 

analytical  remarks 

on.  334 

and  its  compounds  329 
cyanide  of.  .  588 
manufkcture  of.  S34 
protoxide,  lactate  of  463 


laan—ccnt, 
sesquioklde, 
loateof. 
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Isatinicadd. 
laathydo 
Isethionlc  add 
Isinglass 
Isomeric  bodies 
laoroorphiiim 
Iflomorpbous 
Iwprene 
Itaconlcadd 
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Jade    . 
Japonic  add 
Jet 

Jews'  pitch  . 

Juice,  gastric 

Intestinal . 
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544 

661 
662 
662 
471 
708 
408 
264 
264 
684 
571 


814 
577 
697 
697 
720 
725 


Kakodyl 

-compounds 
KakodyUc  add 
Kalium 
Kaolin. 
Katalysts     . 
Kelp    . 

Kennes  mineral 
Kinic  add    . 
Kino    . 
Klnone        . 
Kir     .        . 
Klsh  '. 


507 
507 
511 
272 
324 
233,445 
180 
368 
574 
575 
674 
698 
154 
Klasingen,  Bagosi 

water    .        .        795 
Kreatin  623 

Kreatlnine  .  .  634 
Kreoaote      .  688 

Kreuznadi,  water  of  797 
Kupfemickel  .  342 
Kyanol  648 

Kyan's  method  of  pre« 
serving  timber^    390 


Iiabarraque*s  disinfect- 
ing fluid  309 
Label  ink  .  .  683 
Lac  .  .  683 
l^acdyo  .  .  683 
Lactamide  »        .       453 


812 
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LK^tates 

463 

Lactic  acid  . 

461 

LacUde 

463 

Uctin. 

432 

L«cione 

463 

LacUM«        .        . 

432 

Lake   . 

669 

Lainp,arBaiKl 

197 

Lampblack  . 

164 

Lamp,  flame  of    . 

196 

gas-. 

198 

safety- 

199 

'  spirit- 

197 

without  flame  . 

481 

Laad  and  aea  breezei 

I. 

cause    . 

84 

Laotbanium 

319 

Lapis  Itizuli . 

293 

Langhiii^^^as 

160 

Laumonite  . 

31 8 

Laurel  oil 

677 

p»d    . 

354 

acetates  of 

486 

alloys  of   . 

368 

analytical  remarks 

on 

35t 

binoxide  of 

366 

-plaster    .        . 

634 

protoxide  of     . 

366 

red  . 

365 

sugar  of    . 

486 

.  -tree 

247 

vanadate  of 

S«4 

white 

366 

Leaven 

461 

Lecanora  pardla  . 

667 

tartarea    . 

666 

Lecanoric  add 
Legnmln      . 

666 
738 

Lepidlne      • 

648 

Xiencaniline . 

673 

Leucine 

626 

Leucoline     .         648, 690 

Leukol 

648 

Levo-racemlc  add 

668 

Leydenjar  . 

103 

Lichens 

666 

Light  .        .        • 
blue  or  Bengal  . 

62 

370 

chemical  rays  of 

70 

Lightning  rods 

106 

Light,  polarised  • 

73 

Lignin 

439 

Lignite 

696 

i^ignone 

607 

Lime  .        .        . 

804 

aoeUte  of. 

486 

analytical  remarks 

310 

carbonate  of      . 

306 

Laor-eonL              paos 

J 

PMI 

chloride  of 

308 

Manganleaoid 

3» 

lactate  of . 

453 

Mauganite   , 

316 

malaie  of . 

672 

Manna  sugar 

482 

oxalate  of. 

443 

Mannite 

43i 

phosphate*  of   . 

308 

Manures 

T40 

sulphate  of 

306 

Maple,  nmr  ttom 

481 

sulpbovinate  of. 

462 

Marble 

• 

366 

tartrate  of        . 

666 

arUfldal  ovlourad 

8M 

Limestone    . 

306 

Maro-bnMidy.     flnct- 

Liquefaction  of  nns 
of  carbonic  add. 

61 

oil  of    . 

512 

156 

Margaric  aeld 

»a 

Liquorice  sugar    . 

433 

Margarin 

&» 

Litharge 

366 

Morgarone   . 

&s 

LithU.        . 

297 

Marienbad,  watei 

rof 

795 

Uthicacid  . 

606 

Marioite's  law 

16 

Lithium 

297 

Matsh's  appaiBia 

a 

zn 

LitbofelUnlc  mOd . 

724 

Marshgaa    . 

189 

Litmus        .        , 

666 

Marsh  type. 

T€2 

Loadstone    .          91 

.331 

Manh  mallow 

€38 

Loafsogar  • 

428 

Marls  . 

318 

I^Mgwuod 

670 

Mawioot 

8S6 

Lopbine 

661 

MaaUc. 

€84 

Lupulin 

449 

Mauve 

€71 

Lungs . 

733 

Measores 

»6 

LuUdine 

649 

Meat  . 

731 

l^rmpb 

725 

Meoonic  add 

\7X  614 

Meoouine 

€t€ 

Meersehanin 

318 

X. 

Meiam 
Melaarine    • 

€88 

Madder. 

669 

Melanlllne    . 

€4€ 

Ma«enta      . 

672 

Melanicacid 

Ml 

Magnesia    . 

311 

Melaslnic  add 

481 

alba . 

312 

Melexltose    . 

438 

analytical  remarki 

1 

Melissic  add 

5» 

on. 

314 

alcohol 

U6 

carbonate  of 

312 

MeUite 

44i 

phosphate  of     . 

313 

MelliUc  add 

446 

ot  magnesia  and 

1 

Melitoae 

431 

ammouia    . 

313 

Mellon 

€88 

slUcaies  of 

813 

its  oompoaada 

C6i 

sulphate  of 

812 

Mellonidea  . 

€88 

Magnesium  . 

311 

Membranous  ttaBoe 

738 

chloride  of 

312 

Membranea,  mpftWM 

716 

MagriPiUm  . 

91 

Mercaptaa   . 
methyl-    . 

• 

4T8 

Magneta-eleclridty 

111 

ft 

sm 

Magnus,  green  salt  ot 

895 

Mercury 

• 

388 

Malachite    . 

353 

acetates  of 

« 

4a7 

Malamic  add 

672 

analytical   mnazta 

Malamlde    . 

672 

on. 

• 

3«1 

MaUtes 

672 

cyaatdeof 

• 

MT 

Maieic  acid  . 

672 

Ailminate  of 

• 

688 

Malic  add    . 

671 

its  compoouds 

. 

386 

MalleabiUiy  of  metals  U9 

Meridian,  magoadc 

M 

MalUng 

449 

MrsiUlol      . 

490 

Manganese    and    its 

Mealtyl 

4M 

oompounds 

826 

Msaotypa     . 

818 

MefloxaUcadd 

666 

OD. 

329 

Mstacetona, 

498 

IKDEX. 
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MetaMebyde 

480 

Monochloracetlc  add    487 

Bl»-tiigallic  add 

67» 

MonooxysalicyUe 

add  678 

Metals. 

348 

MoDostearln 

635 

elaaeilkaUoQ 

270 

Mordant 

361 

physical  properties 

Mordants 

659 

of. 

248 

Morlndln     . 

671 

ir^tamarBario  add       636 

Morindon    . 

671 

Metopectln  . 

43H 

Morphia 

614.  64T 

Metapcctlc  add 

439 

Morphine     . 

614,  647 

If  etaplMMphorio  add    264 

Mortar 

304 

Ifetas^yrol  . 

686 

Mosaic  gold 

S62 

Meteorites  . 

329 

Mnclcacid  . 

444 

Methionic  add 

471 

Mudlage     . 

438 

ICetbyl 

498 

Mucin 

726 

acetate  of. 

602 

Mucous  membranes     726 

furmnla  of 

600 

Mucus 

726 

634 

Mulberry  calcolns 

719 

-urea 

634 

Multiplier    . 

86,109 

Merbyi -ammonia 

634 

Murexan 

612 

Meibylated  spirit 

447 

Murexide     . 

611 

Ifeihyl-compoimds       468 

caffefn- 

621 

dilorinetted 

606 

Mnriatie  add 

172 

Mcthyl-elber 

499 

ether,  heavy 

472 

Methylethylamlne       6U 

MuKxivsdo  sugar 

428 

M«tbyl<etbyl-amyl- 

Mushroom  sugar 

433 

amine   . 

644 

Must  . 

448 

Ifetbyl-etbyl-amyl- 

Mustard,  oil  of 

682 

phenylammoDtom  645 

Mycose 

433 

oxide  of   . 

615 

Mykomelinic  add 

609 

Methyl-mereaptan 

606 

Myridn 

637 

Uetbyl'hieihyl- 

Myristieadd 

636 

amyl-aromo- 

Myristica  moacbaU      536 

nlCKn,  oxide  of      644 

Myrooic  add 

682 

Methyl-salicylate 

Of 

oxide  of 

680 

IfetbyUseriea,  bates 

N. 

oftbe    . 

634 

Mctbyl-nrea 
3f  etolelc  add 

635 

Naphtha      . 

696 

639 

Napbthalin  . 

694 

Mica   . 

318 

Naphtylamine     . 

643 

Hflcrosooralc  salt 

291 

Narceine 

617 

Milk    . 

726 

Narcogentne 

616 

composition  of , 

728 

Narcotine    . 

616 

spirit  fVom 

727 

Nefte-degll  . 

698 

Milk  sugar  . 

432 

Nephelin      . 

318 

Mlndercrus,  spirit 

of    484 

Nervous  sulxstano 

B        729 

Mineral  chameleoi 

a        329 

Neutrality  of  Haiti 

1        262 

waters,  tal>les  o 

r     794 

Neutralization 

221 

3foUsses 

428 

Nickel 

342 

Molecular  actions 

230 

analytical  remai 

rks 

Moleculra    . 

744 

on 

343 

Molybdenum 

363 

oialate  of 

443 

Munacctln*  . 

636 

NIcoUne       . 

626,647 

Monamines  • 

680,783 

Niobium 

366 

primary  \ 

630 

Niiraniline  . 

639 

secondary. 

630 

Nitninisic  acid 

678 

tertiary    . 

630 

Nitraniside  . 

677 

Monobasic  adds 

267 

Nttranlsldlne 

678 

•Monobromaoetic  a 

dd    484 

Nltranisol    . 

678 

PAQK 

Nitrate  or  ammonia  296 

of  baryta  .  301 

of  bismuth  349 

of  copper  .  362 

of  iron      .  333 

of  lead      .  356 

of  oxide  of  methyl  501 

of  potassa  276 

of  soda      .  290 

of  silver  .        .  380 

of  stroutia  303 

of  urantiun  351 

of  urea  604 

Nitrates  147 

of  mercury       .  387 

Nitre  ...  276 

cubic  290 

sweet  spirits  of  459 

Nitric  add   .  147 

action,  of,  upon 

amylaceous  and 

saccbarioe  »nb- 

stances .  440 

add,  fuming     .  148 

NItrile-bases  .  630 

Nitro-bencaroide  .  646 

Nitro-beiizoicadd  646 

Nitro-benzol  $47 

Nitnxoccnslc  add  668 

Nltro-cumlc  acid  .  555 

NltHMSUUlol            .  643 

NlUx>-cymol  643 

Nitroglycerine  634 

Nitrogen  143 

binoxide  of  151 

dilurlde  of  207 

compounds  with 

oxygni .  147 

with  hydrogen  2fl0 

with  Iwron  202 

estimation  in  oiigsnlc 

bodies    .  417 

Iodide  of  .        .  208 

NItro-naphthalln  .  696 

Nitro-phenasic  add  693 

NItro-phenestc  add  693 
Nitro-phenisic 

acid  663, 693 

Nltro-pfacnol  693 

Nitro-phthallc  add  695 

Nltro-prussMes    .  699 

Niiro-eali<7lamir1e  680 

Nitro-ealicyllcadd  663 
NItro-toIuol.          642, 685 

Nitro-toluylic  add  654 

Nitrous  acid  151 

ether        .  459 

oxide  149 

Nitro-zylol  .  643 


614 


msBz* 


Xomendatnre  213 
Nordhausen  sulpharic 

odd      ,        .  163 

Noritun                .  320 

Notation,  cbemical  225 

Nntftalls               .  S75 

Nutrition     .        .  T36 

plastic  elements  of  739 

0. 

(Enanthyllc  add  628,539 

(EDanthylamtne  .  636 

Oil  gas  191 
Oil  of  alliaria  offldnalis  682 

ofanlaeed  6TT 

ofaasafoetida    .  683 

of  badian  .  6T8 

of  barganiot  677 

of  bitter  almonds  642 

of  bitter  fennel.  678 

ofcapivl  .        .  677 

of  oedar  vrood^  ,  679 

ofdcnta  .        .  679 

of  dnnamon      ,  661 

ofelemi    .        .  677 

of  cubebe  .        .  677 

of  cumin  .  .  679 
of  garlic  .  614,682 
c^gaultberiapro- 

cumbens        .  680 

ofGuIana-laarel  677 

of  hops             ,  677 

of  horseradish  .  682 

ofjanlper         .  677 

of  laurel    .        ,  677 

of  lavender       .  682 

of  lemon   .        .  667 

of  meadow-sweet  656 

.  of  mustard         614,  682 

of  onfons  .        .  683 

of  orange  flowers  682 

of  orange  peel   .  677 

of  pepper.        .  677 

of  peppermint  .  682 

ofptycbotis      .  679 

of  rofsemary       .  682 

of  rose  petals    •  682 

ofrue                .  679 

of  spiraea  ulmaria  566 

of  thyme  .        .  679 

of  tnrpentln      .  675 

of  valerian        ,  680 

of  vitriol  .  .  161 
of  wine,  heavy  and 

light              .  465 

of  wintergreen  .  680 

Oils      .  529 

diylng  or  non-diylng  530 


Onis-^eont.  paob 

▼oUtlle    .        .  675 

Oleflant  gas  .         190, 467 

and  Its  eompoands  468 

Oleic  add    .        .  539 

Oieln   .        .        .632 

Oleo-phospboric  add  729 

Olive  oil       .        .  630 

Opiammon  .        «  616 

Opianic  add         •  616 

Opianine      .'  617 

Opium  .  614 

Orange  flowers,  oil  of  682 

ped,  oil  of        .  677 

Orodn  .        .  667 

Ordn  .      '  .         .  667 

Organic  bases  614 

bases,  artificial .  628 

substanoes,  action  of 

heat  on .  409 
■absianoes,  deoopi* 

position  of     ..  410 
substances,  alemen- 
taiy  composition 

of         .        .  405 

Orphnent     .        .  373 

Oraellinic  add  666 

Ogminm       .        .  403 

Osmose       .        .  139 

Otbyl  ...  482 
OiKsilate  of  oxide  of 

acryl  .  514 

of  methyl         .  602 

of  urea     .        .  604 

Ozahites  442 

Oxalic  add   .  440 

ether  '      .        .  460 

Oxalo-nltrile  642 

Oxalo-vinlc  acid    .  463 

Oxaluric  add        .  609 

Oxamethane        ..  460 

Oxamethylane  602 

Oxamic  add  442,  460 

ether  .  460 

Oxamide  442;  460 

Oxanflic  add'  642 

Oxanilide  642 

Oxicblorlde  of  phos> 

phoms  .        .  210 
Oxide,  cystic          612, 719 

ofallyl     .  614 

of  amyl,  hydreted  6 1 9 

of  benioyl         .  643 

of  bismuth        •  349 

of  ca4mlum       .  348 

of  caldnm        .  804 

of  carbon .        .  167 

of  cerium  .  319 

of  copper  .        .  352 

ofdldymlnm     .  320 


176 


3a 


4tl 
331 


tra 


OxmsB— eoiC  pace 

of  ethyl    .        «       494 

of  etfajyleoe  493 

ofkal(odyl 

of  lanthantom 

of  lithium 

of  methyl 

of  methyl,  bydrated  499 

xanthic     .  fit,  719 

Oxides 

of  aodmoiiy 

of  barium 

of  chlorine 

of  diromlnm 

ofcobals  . 

of  go(d 

of  hydrogen 

of  iridium 

of  iron 

of  lead 

of  roanganeas 

of  mercury 

of  molybdnmm 

ofnlclDPl  . 

of  osmlnm 

<^  palladium 

of  phospboms 

of  platinum 

ofpotaadnm 

of  rhodium 

of  ruthenium 

of  selenium 

of  silver    . 

of  sodium 

of  strontium 

of  tantallum 

of  thallfaun 

of  tin 

of  tungsten 

of  uranium 

of  vanadium 

of  line 
Oxygen 
Oxy-hydragen. 
aodblowp^ie 

safety  jet  . 
Osone  . 
Qsokerittt     . 

P. 

FUIadium    . 
ammonia,  cnm* 
pounds  witti  . 
FlfUmltin 
FklmiUc  add, 
Palm-oil 
Panaqullon  . 
Puicreatic  fluid 
PiHpaveriDe  ,        ^        ui 


Xl€ 


12T 

ur 
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PAOB 

PAOK 

PLATivnic— con(. 

PAOK 

^Kpnjrrine              • 

440 

Phenylamlne         636 

,692 

analytical   remaitB 

^mbanlc  add     . 

609 

PhenylenedUonine 

64ii 

on         «       , 

39Y 

!tabC7«nogeii 

580 

PhenyUmelanUine 

640 

bases        »     «, 

396 

^vafflA 

687 

Pbenyl-urea 

642 

black 

394 

i^rakakodylic  oxide 

511 

Pblloflophy,  chemical 

213 

snrfaoe^KtJixi  of       394 

^Bramagnetic  bodies 

96 

Phloretfn     •        » 

560 

Plumbago    . 

154 

^oamide 

445 

Pblorid^in    . 

5«0 

Piumbetbyl .        , 

479 

^vamorptaine      , 

617 

Pblorette  add 

560 

Pneumatic  trough 

.    118 

^ummylene . 

522 

Phocenlp  add 

539 

Polarity,  magnetic 

92 

>tanuiaphthaUn      6M,«M 

Pborooe 

681 

Pk>lartKation  of  light       72 

iteanfllDe    .        , 

638 

PboBgenegaa 

158 

Polarization,  drcular      73 

^w«pectiii  . 

438 

Phosphates  of  Ume 

308 

Poles,  electric 

235 

^antartarlc  Mid  . 

568 

of  magnesia  and 

Poiybasic  adds     . 

267 

?krduiiout  paper  • 

440 

ammonia 

313 

Populin 

569 

?bnlllc  add 

667 

Phosphates  of  soda 

290 

Porcelain     .        , 

323 

•temellfi  partetina 

668 

Phosphethyl          477 

.664 

clay 

323 

?lVToline     . 

649 

Pbusphide  of  caldam 

305 

Porphyroxlne 

617 

piew,  flavour  of    . 

521 

Fhoephoretted  hydro- 

Porphyry     . 

317 

E^earl-ash              • 

275 

gen 

206 

Potash 

273 

Ptecicadd  . 

439 

methyl  bodies  . 

654 

crude 

275 

lectio .                • 

438 

Fhosphvric  add    . 

169 

Potassa 

273 

?ielargonte  add     • 

540 

add,  anhydrous 

169 

acetate  of 

484 

636 

acid,  blbasic      • 

268 

alum 

316 

iVndulain    . 

366 

add,  gtadal       • 

169 

analytical  rema 

rkB 

26 

add,  monobasic 

268 

on         .        « 

281 

^entatfalonlc  add . 

165 

add.tribaslo    '. 

267 

benzoate  of 

544 

!%ppeT,.oil  of 

677 

ether                 458 

,462 

bicarbonate  of  . 

275 

^eppennlnt,  oil  of 

682 

Phosphorous  add . 

168 

bisulphate  of 

277 

i^epaio 

720 

Phosphorus  . 

166 

carbonate  of    «. 

274 

^tone 

707 

amorphous 

167 

chlorate  of        i 

278 

Vvchlorate  ofpotasu  278 

•bases       .        • 

664 

eyanate  of 

689 

Perchloric  add     , 

178 

chloride  of 

209 

hA'drate  of         . 
nitrate  of 

273 

i^rchromic  acid    • 

341 

tercbioride  and 

276 

i^rco8Bioncaf»    . 

592 

pentachloride  of 

209 

oxalate  of 

442 

iVriodic  acid 

182 

compounds  of   . 

168 

percblorate  of   . 

278 

^Boxide  of  chlorine 

177 

estimation  of,  In  or- 

prusslatesof 

595 

%rsulphide  of  hydro- 

ganic compounds 

421 

sesquisulpbate  o 

f       277 

gen       .        , 

206 

Phosphovinic  acid 

462 

sulphate  of       , 

277 

^tabalaam 

685 

Photography        • 

77 

tartrates  of 

565 

■^myin       .        • 

563 

Fhthalio  add 

695 

urate  of    . 

606 

^Ulite        .         297.318 

Phydte 

434 

Potassium   and  i 

ta 

^tlniue 

649 

Plcoline        .         649 

,690 

compounds    . 

272 

?letfcenkDffer'8  bOe* 

Picric  acid    . 

663 

bromide  of        , 

281 

testj      . 

723 

Plcro-eryihrin 

665 

chloride  of        . 

280 

^troleum   . 

696 

Plcrotoxln    . 

627 

cyanide  of 

585 

"etrolene     . 

697 

Plmaric  add         • 

683 

ethyl 

475 

^tanise 

324 

Piroelic  add 

541 

ferricyanide  of  , 

598 

fewter 

360 

Pinic  add     . 

683 

ferrocyanide  of , 

595 

*baseoiiianlte 

433 

Finite  . 

434 

Iodide  of  . 

280 

^enamylol         . 

691 

Pipcrine 

626 

-methyl    .        , 

501 

'beoetol 

691 

Pitch  . 

6H7 

sulphides  of 

.    278 

lienol         .        , 

690 

IMtch  blende 

350 

sulpho<7anide  o 
tetroxide  of       , 

r        600 

^lenyl 

691 

Pilch,  mineral 

697 

274 

>lienyI-alcofaol     . 

690 

Plants,  supply  of  car* 

Potato-oil    . 

619 

temoateof       . 

692 

bon  to   .        . 

157 

Precipitate,  red 
white 

386 

chloride  of        • 

691 

Plaster  of  Paris    . 

306 

390 

cyanide  of        , 

692 

Plate  glass   . 

321 

Prehnlte 

318 

hydrated  oxide . 

691 

Platinum  and  its  com* 

Prisms,  Nichols' 

73 

geriee^haaeaof  . 

636 

pounds  . .       • 

393 

Proof  spirit  «. 

447 

616 
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PropioDe  .  4M.  513 
Propionic  acid  .  513 
Proportioaala  216 
Proportionalfli  multiple  S16 
l*ropylainlD«  .  €36 
Propyl-series  .  612 
ITfjpyl-glycol  ,  B16 
Propylene  .  .  516 
Propylene<aloobol  616 
Propyno-ala)hol  .  612 
Flr«>tefai  .  .  706 
blDOxlde  of  .  707 
tcroxlde  of  .  707 
Protide  .  ,  707 
Prutiodideofiron  332 
Prohicfaloride  of  tin  861 
of  chcominm  .  330 
Protoxide  of  Un  .  361 
Prutisiaa  blue  .  697 
Ptnssiate  of  potash, 
red  .  .  .  598 
yellow  .  .  596 
Prutialc  add  .  581 
Pseudo-erytturln  .  666 
I^udo-morphlne .  617 
Ptyalln  .  .  720 
Puddling  .  .  335 
PttUna,  water  of  .  797 
Purple  of  Caasiua .  S62 
Pnrparate  of  ammonia  611 
Purpuric  acid  .  612 
Purpurin  .  669 
Purree  .  .  670 
Purreic  acid  .  670 
Purreoone  .  .  670 
Pub  .  .  .  726 
Putrefaction  .  410 
Putty  powdear  .  360 
Pyiii  .  •  .  726 
Pyren  ...  689 
Pyridine  »  .  649 
Pyrites  .  .  332 
Pyrmont,  water  of  796 
Pyroacette  spirit  .  489 
I^ro-aclds  .  .  409 
l^rrubenzolfne  .  651 
Pyrocomenic  .  674 
J^ogallic  add  .  579 
Pyrogen  adds  •  579 
l^r^olu«dte  .  .  326 
I^omudc  add  .  444 
Pytophorus  of  Horn- 
berg  .  .  317 
Pyropbosptaoric  add  268 
Fyrotartarlc  add  •  567 
Pyroxilic  spirit  .  499 
Pyroxylin  .  .  443 
Pjrrrol  .  .  649 
red  .         .        .  660 
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Q. 

Ron-ateel    . 

33? 

Rust    . 

888 

Qnadrld>ki«Talerle 

Rnthenlam  . 

acid      . 

525 

RniUe 

86« 

Querdta 

434 

Qnerdtron  bark    . 

670 

gnlcksiWer  . 

885 

S. 

Quina  .        .        . 

617 

Quinidne     . 

618 

SBcduricacid       . 

4a 

Quinidise     . 

618 

Saecbaric  group    . 

48» 

guinine       .         617, 

»647 

SocdiaiocDetar 

U 

Quinine,  amoiplioiu 

619 

Ssediulmic  add    . 

431 

Quinoidina  . 

619 

Sicchulmin  . 

431 

Safety  laaii 

198 

• 

Safflower 

«it 

R. 

Saffhm 

«« 

S««o    . 

4» 

Radiation  of  beal. 

81 

Sal^embrolh 

818 

Raoemic  add        • 

568 

SM 

artifldal  prodnctloD 

Salidn 

656 

of 

569 

Salk^lamlde 

686 

Rangoon  tar 

698 

Sali(7lai]dltieoM. 

Raalgar 
Red  fire 

373 

pounds  . 

6S6 

803 

aeries. 

556 

Red  lead      . 

865 

Salicylate  of  oxMo 

IM  oxide  of  lead. 

855 

ofmcttn-l 
SBU<;ylieadd 

•M 

Red  oxide  of  manga- 

568 

nese 

827 

SalipyUtes    . 

656 

R«(flect1onofbeat  . 

81 

Salieylons  add 

556 

ofliglit     . 

63 

Saligenin     . 

5i8 

Refraction,  double 

72 

Saliretin      . 

55I 

of  light     . 

72 

Saliva . 

786 

Rennet 

727 

Satsola  so(ki . 

ta 

Resins 

683 

flalttCommoB 

888 

Respiration .         131 

,732 

definition  . 

188 

RespiraaoQ,  eleinenti 

\ 

of  sorrel   . 

448 

of         .        . 

738 

•radical     . 

858 

Retinlc  add 

688 

Salts,  super  or  add 

854 

Retinite 

698 

aubealt,  or  baaae 

195 

salt 

80 

Rbodlum     . 

399 

binary  tbeoiy  of 
eonsiUntioQ  of  . 

868 

Rbodiaonic  add    . 

446 

961 

Ricinoleic  add 

53* 

double 

m« 

Roocella  tinctoria 

666 

neutral 

asi 

Roocellintn  . 

666 

Saltoetre      . 
SancLtrac 

sit 

Rodielle  salt 

566 

88« 
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